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Solid State Physics at NBS 


Variable Capacitance Diffused Junction Diodes 
A Practical Approach To Transistor Circuit Design 


Counters Using Single Crystal Barium Titanate Capacitors 


Currently doubling in size is the 
310,000-sq ft Tl Semiconductor-Com- 
ponents division plant, already the 
world’s largest semiconductor facility. 


“CAT’ AUTOMATIC TEST EQUIPMENT 


Ti 2NG9SG A 


2ho9° 


SEE ASRS HAST 


100% DEVICE TEST WITH 


100% test of the performance and uni- 
formity built into TI ‘mesa’ units is con- 
ducted automatically by CAT—Cen- 
tralized Automatic Test equipments. 
Designed and built by TI, these machines 
each have a capacity of 40,000 units a day. 


INGS7 MULTI-PURPOSE 


SILICON ‘MESAS’ 
OW MASS-PRODUCED 


BY WORLD’S 
LARGEST TRANSISTOR 
MANUFACTURER 


MEDIUM-POWER AMPLIFIERS + swaut- | Abelabe Beir aera 
SIGNAL AMPLIFIERS * SWITCHERS 


pose silicon ‘mesa’ units for amplifier, 

switching and medium-power applications. 
FEATURE: Produced by the pioneer of the diffused-base proc- 
ess, these highly reliable ‘mesa’ units feature... 
. - 2-w maximum power dissipation ... beta spread 
s ‘ power dissipation eta sp S 
Diffused-base mesa’ construction of 20-60 (TI 2N696) and 40-120 (TI 2N697)... 

10-ohm maximum saturation resistance. 


ACTUAL SIZE 


4) es . . . . ° 
2-w maximum EPwor dissipation at 29°C Your full-year guarantee is backed by TI’s proven 


R 7 production capabilities (largest in the world and 
DC betas of 20-60 and 40-120 currently being doubled) and a stringent quality 
assurance program. 


Check these specs and contact your nearest dis- 
tributor or TI sales office for immediate delivery. 


| 

| 

. . . \ . . . a) 
electrical characteristics at 25°C ambient maximum ratings at 25°C ambient | 


(unless otherwise noted) 


PARAMETERS TEST CONDITIONS min. max. unit 
I Collector Reverse Current Vop = 30v Ip =0 - 1.0 a 
0 e . . Gollector-Base ‘Voltape .. «si «. 3) 5) 0) a. 6. oe > 60v 
at 150°C Vop = 30v ip =0 — 100 ga 
BVcBo Collector-Base Breakdown Voltage Icgq = 100ua Ie =0 60 - Vv Collector-Emitter Voltage (Rapp 102)... ....24. 40v 
BYcER Collector-Emitter Breakdown Voltage !cgr = 100ma Rge = 10 ohms 40 —- Vv 
BVEBO Emitter-Base Breakdown Voltage lego = 100ua Ic =0 5 - Vv Embtter-Gase Voltewe sas: «eu-6. % 5: vo he ee ot 5v 
hre* D-C Forward Current Transfer Ratio l¢ = 150ma Voge = 10 v (2N696) 20 60 — 
(2N697) 40 1200 — Total Device Dissipation 6k sw FoR Sw we ee 0.6w 
VBE (sat)* Base-Emitter Saturation Voltage l¢ = 150ma_ Ig = 15ma _ 13 
Voe (sat)* Collector-Emitter Saturation Voltage  I¢ = 150ma_ Ig = 15ma - 1.5 Total Device Dissipation at case temperature 25°C. . . . . . . 2w 
hfe A-C Common Emitter Forward : ; : 
Current Transfer Ratio Ic = 50ma Vo=10v f=20mc 2.5 — — RE ASRS ONES Ts 6p is ORS Fee = ESE tof 275G 
Cob Collector Capacitance lp — Oma Vo = 10v - 35 wf 
*Pulse conditions: length=300us ; duty cycle<2%. 
O ; 
4B Write on your company letterhead 
|} describing your application for 
INCORPORATED specific details on TI products. | 
® SEMICONDUCTOR-COMPONENTS DIVISION | 
13500 N. CENTRAL EXPRESSWAY > : : in 5 
POST OFFICE BOX 312 - DALLAS, TEXAS Transistors | Diodes | Resistors | Rectifiers | Capacitors | 


Circle No. 4 on Reader Service Card 


i) 


RAYTHEON - 
“lity 


E PLURIBUS UNUM (one unit composed of many parts) 
aptly describes Raytheon Circuit-Pak. 
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ew word for designers and producers .. . 


IRCUIT-PAK 


for the designer 


for the producer 


1. Space — compact, encapsulated 1. Maintenance — input and output 
subassemblies assure maximum are quickly checked; circuits may 
space utilization. be readily replaced. 

2. Insulation — better internal elec- 2. Inventory — one item to buy and 
trical insulation between circuit ele- stock instead of multiple items. 
ments; better external insulation. 3. Assembly — just plug it in and 
Corona is minimized. put it to work; many Circuit-Paks 

Seearering — components may be are available from stock. 
electrically matched, then as- 4, Design — save time with Circuit- 
sembled or replaced as a single unit. Paks that meet your specifications; 

they are ideal for applications such 

4, Stability — temperature stability as comparators, bridges, choppers, 
in critical circuits is improved. flip-flops. 

5. Environment — greater mechani- 5. Testing — Raytheon Circuit-Paks 


cal stability, resistance to shock, 
vibration, and resonance. 


are factory pre-tested — your test 
requirements minimized. 


SEMICONDUCTOR DIVISION 


RAYTHEON COMPANY 


.ICON AND GERMANIUM DIODES AND TRANSISTORS SILICON RECTIFIERS + CIRCUIT-PAKS 

New York, Plaza 9-3900 © Boston, Hillcrest 4-6700 * Chicago, NAtional 5-4000 « Los Angeles, NOrmandy 5-4221 * Orlando, GArden 3-1553 

‘racuse, HOward 3-914] « Baltimore, SOuthfield 1-0450+ Cleveland, Winton 1-7716° Kansas City, Plaza 3-5330- San Francisco, Flreside 1-7711 
Canada: Waterloo, Ont., SHerwood 5-6831 * Government Relations: Washington, D. C.; MEtropolitan 8-5205 
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300 C 
stabilization 
of 
FAIRCHILD 
SILICON 


TRANSISTORS 
is aregular step 


WHY? 


TO ACHIEVE MAXIMUM RELIABILITY! Every completed Fairchild Transistor is stored at 300° C for at least 
60 hours before final inspection. Most types would not survive. For Fairchild's Diffused Silicon Mesa Transistors, this 
step stabilizes parameters an equivalent of thousands cf hours at 175° C. Many of our customers are verifying 


the resulting reliability in test programs of their own. 


IRGHILD 


Ss i MICONDUCTOR CORPORATION 


545 WHISMAN ROAD ° MOUNTAIN VIEW, CALIFORNIA ° YORKSHIRE 8-8161 
New York Area: WElls 1-4500, ext. 287 — Chicago Area: BRowning 9-5680 — Philadelphia Area: TUrner 6-6623 —Los Angeles Area: Oleander 5-6058 
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Furnace used at the National Bureau of Standards to grow 
crystals by the Kyropolos technique. The coil surrounding the 
vacuum chamber provides a temperature sufficient to keep the 
metal in the small cup molten. As a seed erystal is removed 
very slowly from the melt, the metal adhering to it reaches the 
melting point and starts to solidify, forming a large single crystal. 


SEMICONDUCTOR PRODUCTS is published monthly by Cowan Publishing Corp. Executive and Editorial 
Offices: 300 West 43rd Street, New York 36, N. Y. Telephone: JUdson 2-4460. Subscription price: $6.00 for 
12 issues in the United States, U. S. Possessions, APO, FPO, Canada and Mexico, $8.00 for 12 issues. All 
others: 12 issues $10.00. Single Copy 75¢. Accepted as controlled circulation publication at Bristol, Conn. 
Copyright 1959 by Cowan Publishing Corp. 


POSTMASTER: SEND FORM 3579 to SEMICONDUCTOR PRODUCTS, 
300 West 43rd STREET, NEW YORK 36, N. Y. 


Germanium and other semiconductors 
from EAGLE-PICHER 


Eagle-Picher, pioneer in Germanium, is 
an acknowledged leader in dependable 
production to meet the precise demands 
of the semiconductor industry. We 
offer a complete line of Germanium 
products and in addition, reprocess 
customers’ scrap Germanium under our 


new low-cost toll arrangement. 


FREE! An interesting, new brochure, EAGLE 
ee: | “EAGLE - PICHER GERMANIUM” 


is now available. Write for 


Since 1843 


your copy today, ) 


PICHER 
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THE EAGLE-PICHER COMPANY 
Chemical Division, Dept. SP 11 : 


GENERAL OFFICES: CINCINNATI 1, OHIG 


Eagle-Picher 
Rare Metals and 
Semiconductors 
GERMANIUM DIOXIDE, minimum pw 


99.999%, 


FIRST REDUCTION GERMANIUM MET 
minimum resistivity 5 ohm-cm. 

INTRINSIC GERMANIUM METAL, mini: 
resistivity 40 ohm-cm. 


SINGLE CRYSTAL GERMANIUM [undop 
minimum resistivity 30 ohm-cm. | 


SINGLE CRYSTAL GERMANIUM [dope 
to customers’ specified resistivity. 


SPECIAL SHAPES, INTRINSIC GERMANIU 
METAL, for horizontal or verti! 
crystal growing. Wide variety in sto 
other shapes furnished to customer 
specifications. 


SCRAP GERMANIUM PLAN, scrap Ge 
manium may be returned for econo: 
ical reprocessing under a ft 
arrangement. 


— also immediately 
available 


CADMIUM SULFIDE 


GALLIUM, ultra pure. 
Metallic crystals, minimum pur’ 
99.9999%. 
Metallic crystals, minimum pur 
99.999 %. 


GALLIUM SESQUIOXIDE 


| 
| 
| 


NOW...selenium rectifiers 
with an unlimited lite span! 


RADIO RECEPTOR 


Tri-A mp 


the only selenium rectifier with 
NO ARTIFICIAL BARRIER LAYER 


plus superior overload characteristics + higher current ratings 


¢ lower forward voltage drop « no sudden failures « no special 


protective devices required « smaller size « operate in 
parallel or in series without special precautions 


Tri-Amp is a new and completely different concept in selenium. No artificial barrier layer of any 
kind is used. thus eliminating the cause of aging and high voltage drop. Result is the finest rectifier 
8 ping 5 5 

ever made. 

Rectification in the Radio Receptor Tri-Amp is accomplished through a P-N junction formed by 
} | | 8 J h 

a closely controlled diffusion process involving the use of cadmium-selenide and tellurium. We'll 

be glad to send you more complete information on this important development. Write today to 


Section SP-4, 


R € AL L y 
e 7) Daca RADIO RECEPTOR COMPANY, INC. 
SiAS Subsidiary of General Instrument Corporation 
SO TOMATIC 240 Wythe Avenue, Brooklyn 11, N. Y., EVergreen 8-6000 
MANUFACTURING 


GENERAL INSTRUMENT CORPORATION INCLUDES F. W. SICKLES DIVISION, AUTOMATIC 
MANUFACTURING DIVISION, RADIO RECEPTOR CO., INC., MICAMOLD ELECTRONICS 
MANUFACTURING CORPORATION AND HARRIS TRANSDUCER CORPORATION (SUBSIDIARIES) 
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WHERE RELIABILITY IS IMPORTANT 


Replace Rectifier Tubes with Tarzian 
Direct Replacement Silicon Rectifiers 


S-5011A 
1600 PIV 


750 MA DC 
Replacement for types 80, 82, 83, 83V, 5Z3 


Max. RMS Voltage . 1100 Circuit .. @ 
Max. Peak Current Type Load |... Any | 
(UNA Gh) Sete, ete 8000 


$-5017 


1600 PIV 


750 MA DC 


Replacement for types OZ4, 5X4, 5Y4, 6AXKS, 6X5 
Max. RMS Voltage. 1100 
Max. Peak Current 

are aloha ene 8000 


(ma) 


$-5018 
1600 PIV 


750 MA DC 


Replacement for types 5AU4, 5AW4, 5AZ4, 514, 5U4, 


5Y4, 5W4, 5Y3, 5Z4, 5931, 6087, 6106 


Max. RMS Voltage. 1100 
Max. Peak Current Type Load 7... . Any 
(ma) Gren a eee. 8000 


Max. Amb. Temp. . 100°C 


§-5019 or S-5162 
2800 PIV 


500 MA DC 


Replacement for type 5R4 


Max. RMS Voltage. 1950 | Circuit .. Yo... oo Py 
Max. Peak Current Type Load .““G) | Any 
(Ma) ieee coe! 5000 


$-5033 


4500 PIV 
250 MA DC 


Replacement for types 6AU4, 6AX4, 6BL4, 6U4, 6W4, 
12AX4, 17AX4, 25W4 
Max. RMS Voltage *3200 
Max. Peak Current 

(ma) 
Circultigeac cance. H.W 


Type Load ... .Res.-Ind. 
Max. Amb. Temp. . 100°C 
* Input is 1600V Max. 
with Cap. load 


SARKES TARZIAN INC. 


Asi Sano rth college 


Circuit . . ae _.. EW 
Type Load ....... Any 
Max. Amb/ Temp. . 100°C ~ 


Circuit .. a FLW. 


Max. Amb. Temp. ; 100°C 


bloomington, indiana «= 
In Canada: 700 Weston Rd., Toronto 9. Tel. Roger 2-7535 + 


$-5130 


10400 PIV 
300 MA DC 


Repld@ement for types 866, 866A, 3B28 
Max. Amb. Temp. . 100°C 
For capacitive loads de- 
rate input voltage 50% 
and current 20% 


$-5207 
1600 PIV 
500 MA DC 


Replacement for types 6X4, 6063, 6202 


_ Max. RMSVoltage.1100 | Circuit .......... F.W. 
_ Max. Peak Current Type Load ....... Any 
- Max. Amb. Temp. . 100°C 


_@e...... 5000 


$-5251 


1600 PIV 
600 MA DC 


| Replacement for types 5AU4, SAW4, 5AZ4, 514, 5U4, 


Max. RMS Voltage.1100 | Circuit .......... F.W. 
_ Max. Peak Current Type Load ....... Any 
Max. Amb. Temp. . 100°C 


(me) =... . .6000 


$-5343 


7000 PIV 
300 MA DC 


Replacement for types 816, 836 or 3B28 and 866 at 
reduced voltage 
Max.RMS Voltage . 5000 


Max. Amb. Temp. . 100°C 
Max. @eak Current 


Note: For capacitive 


PORING) Fic. te eeerae 3000 loads derate input volt- 
PRP CURE TE 2) as oe oe H.W. age 50% and current 
Duty sea Continuous 20% 

Type Load ... .Res.-Ind 


Over 95% of all popular rectifier tube 
types can be replaced with Tarzian tube 
replacement silicon rectifiers. 


- RECTPERER “D PY NS POIN 


ChdsieSeOun) ela 4aoe5) 


Export: Ad Auriema, Inc., New York City 
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HE 
Mcets A.C.:.2 
Assay (HE) «<7 a 
Maximum Limits 
Fluosilicie Acid 
(HeSiFo) - +7 
Residue after 


{gnition ve 
Chloride (Cl) 00. 0.0 
Phosphate (POs) +" 7) .0.8 
Sulfate (SOay- >>, 
Sulfite (SOs) :-°° = 0-0 
Arsenic (AS) :°2 pb) “ 
Heavy Metals (45 : 
Kron (fe) 6-55 
Boron (B) +++ 7 
Copper (Cu) -- >” 
Lead (Pb) ee : 
Nickel (Ni) -- > °°” 


. 
>. * 


Check these stringent specifications 
Now added for the first time 


BAKER & ADAMSON® ANNOUNCES 


For years, Baker & Adamson’s “Flec- the first time . .. enabling still fur- plastic bottle, 10 lb. returnable plastic 
tronic Grade” Hydrofluoric Acid has ther control of impurities. Result: jug, 10 lb. nonreturnable polyethylene 
been the purest available. Now, to B&A “Electronic Grade” Hydro- bottle, and 6% gal. polyethylene car- 


OE EE a, 


serve electronic requirements even fluoric Acid offers greater reliability boy. Remember .. . for the finest in 
better, this high purity has been still in critical etching operations .. . electronic chemicals—specify B&A! 
further improved. helps reduce rejects and improves 
Utilizing the most advanced pro- quality control in the production of 

duction techniques and quality con- semiconductors. 

trol methods, B&A is now making its These new ultra pure specifications Quality specifications have also been 
“flectronic Grade” HF Acid to meet for “Electronic Grade” HF point up improved for B&A Reagent Hydrofluoric 
stringent new specifications in which Baker & Adamson’s continued lead- Acid, 48% A.C.S. The new reagent 
ae aaa an Sree . ; r + grade promises greater reliability in 
| impurities are held to the lowest lev el ship in supplying high purity ace exbucch Hole Wavlathcs aiieiere: 
els ever attained. In addition, maxi- duction chemicals for the electronic sory ‘control WOrkdae bblker nneiticnt 
mum limits for boron and lead have industry. B&A “Electronic Grade” control . . . more reproducible results. 


been established and are included for Hydrofluoric Acid is available in 1 lb. 


BAKER & ADAMSON® GENERAL CHEMICAL DIVISION 


“Electronic Grade” Chemicals, 40 Rector Street, New York 6, N. Y. 
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ENGINEERS AND SCIENTISTS 


Join us 
in developing 


tunnel diode / 


100 times faster than a transistor! Gen- 
eral Electric’s new tunnel diode may well 
bring about pocket-sized FM radios, truly 
portable television sets, faster and smaller 
electronic computers, communications and 
control systems for space vehicles that 
would be impossible with transistors. 

The tunnel diode is typical of the projects 
you will be working on at G-E Semiconduc- 
tors. We now have unusual opportunities for 
chemical, electrical, mechanical and metal- 
lurgical engineers, physicists and physical 
chemists (B.S. through Ph.D.) at all levels 
of experience. U. S. Citizenship is not re- 
quired. Semiconductor experience is desir- 
able but not essential. 


Assignments are in the field of semicon- 
ductor applied research, device design and 
process development. You may work on 
semiconductor materials engineering, test 
equipment design and development, qual- 
ity control engineering, production equip- 
ment design and development, or applica- 
tion engineering. 

You'll live in the heart of New York’s 
famous Vacationland—adjacent to the 
famed Finger Lakes region, the Thousand 
Islands, and Adirondack Mountains. Lib- 
eral benefits include tuition refund for grad- 
uate studies at Syracuse University. Write 
in strict confidence to Mr. M. D. Chilcote, 
Division F2. 


Semiconductor Products Department, Electronics Park, Syracuse, New York 


GENERAL @@ ELECTRIC 
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iFMAN SEMICONDUCTOR APPLICATION CASE HISTORY 


LOCKHEFE © 


THIS 
VOLTAGE STABILITY 
PROBLEM 
HAD T0 BE 
SOLVED 


FOR CIRCUIT = gee, 
~ RELIABILITY IN A 2 
JET ENGINE eS Mi 
TEMPERATURE 


INDICATOR 


Engineers of the B&H Instrument Company, 
Fort Worth, Texas, required an extremely reli- 
able voltage reference device for their BH183 
AutoTemp jet engine temperature indicator, 
used in the Lockheed Electra. .. . They chose a 
Hoffman 1N1530A Zener Reference Element, be- 
cause of its STABLE characteristics even when 
dei to widely varying environmental con- 
itions 


The low 8.4 volt, zener operating voltage of 
Hoffman 1N430 and 1N1530 Zener Reference 
Elements, makes them uniquely suited for use 
in circuits which are operating at a low D.C. 
voltage level (from 10 to 30 volts). The units 

r voltag f 0.1%, or less, asd 
a tempera ige from —55°C to +100°C, — 
at 10mA. 


DIAGRAM 
OF *'BH183 
AUTOTEMP"’ 


ffman Zener Devices avail- 
w in the widest possible range of 
voltage and power dissipation ratings. Write us 
. tell us your problem... the Hoffman semi- = 
conductor sales engineer in your area will pro- 
vide the solutions. _ 


HOFFMAN 
1N1530A 
ZENER VOLTAGE 
REFERENCE 


If you need a job in electronics done quicker and better, contact 
CORPORATION 
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930 PITNER AVENUE EVANSTON, ILLINOIS 


Prototype Engineers... Specify 


ACCURATE 
PERFORMANCE 
and DELIVERY 


Be confident of 
production reproducibility 


DESIGN=IN 


SOLID TANTALUM | 
CAPACITORS 


F f bs a : / 
U.S. SEMCOR GUARANTEES REPRODUCIBILITY! 
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NEW ALL-EPOXY > 
MODULE PACKAGE 


designed for your specific application! 


Despite the many advantages of modules, their 
greatest virtue—the proximity of components—makes 
them vulnerable to shorting and failures caused by 
vibration, low insulation resistance, humidity and 
other environmental effects. 

Now, thanks to the all-epoxy E-Pak encapsulation 
system* you can eliminate these failures completely 
—and do it faster, cheaper and better! This simple, 
mass production system contains three parts: (1) 
an all-epoxy header, complete with embedded leads 
and attached mounting board, (2) a molded, all-epoxy 
shell (round or rectangular) and (3) pre-metered, 
all-epoxy pellets. You simply attach the module’s 
components to the mounting board, then insert the 
module and preformed pellet into the molded shell 


and heat. The pellet melts and cures, embedding the 
module and forming a single, epoxy-encapsulated 
unit of infinite insulation resistance and great 
mechanical stability. 

There’s no glass-to-metal seal, no cracked glass, 
no weld contamination. Any type of metal may be 
used for leads; dissimilar leads may be welded to- 
gether; threaded inserts and studs can be furnished 
in the headers; shells are also available with female 
plug tops. The entire system has met temperature 
cycling of —55°C to +200°C, altitudes of 50,000 
feet, and the salt spray, vibration, fungus and hu- 
midity requirements of Mil Std. 202A and Mil E-5272A. 


* Patents applied for, 


Write today for complete information. 


A DIVISION OF JOSEPH WALDMAN & SONS 


PRODUCTS, INC. 


137 Coit Street, Irvington, New Jersey 
ESsex 5-6000 
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S200 
pax ANIL SET 


wont 


DIAL-IN 
TRANSISTOR 
CIRCUITS 


with time-saving 
Transimulator* 


@ simulates any amplifier stage 
@ ready-made circuits at your fingertips 


@ pays for itself in no time 


No breadboarding, no soldering. 
Your transistor circuit designs 
come to life in a matter of minutes 
with the Sprague LF-1 Transimu- 
lator. The circuit links you need 
are built right into the instrument. 
With the Transimulator, you'll be 
able to obtain a speedy and accurate 
evaluation of the operating para- 
meters involved in your circuit de- 
sign... without wasting valuable 
time with pli- 
ers, soldering, 
or screwdrivers. 


SPRAGUE 


OpmRATING MANUAL 


only 


$79.50 


Step-by-step 
manual simplifies 
circuit set-ups 


ia 


PF WODEL 
TRANSIMU 


SEE THE TRANSIMULATOR IN ACTION! 


Write for the name and address of 
your nearest authorized Sprague dis- 
tributor to Sprague Products Company, 
467 Marshall St., North Adams, Mass, 


*Trademark 


SPRAGUE" 


THE MARK OF RELIABILITY 
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BOOK REVIEWS... 


TITLE: The Properties, Physics, and De- 
sign of Semiconductor Devices 


AUTHOR: John N. Shive 


PUBLISHER: D. Van Nostrand Company 
1959 


The Properties, Physics, and Design of 
Semiconductor Devices is another of the 
Bell Laboratories Technical Series. The 
book is divided into two distinct sections: 
The first dealing with the nature, proper- 
ties and usage of semiconductor devices. 
The second with the physics of solids and 
consequent applications to the design of 
semiconductor devices. 

The first three chapters introduce and 
discuss the semiconductor in terms of 
atomic properties. The effects of impuri- 
ties on resistivity and conductivity are 
stressed, and rectification, photoelectric, 
and thermoelectric effects are considered. 

Chapters III and IV comprise a basic 
textbook on the thermistor. This device is 
described in great detail starting with the 
fabrication and physical properties. The 
change of various electrical parameters 
with respect to temperature and time are 
defined, discussed, and graphically dis- 
played, serving as an introduction to 
Chapter IV, which is devoted to uses of 
thermistors. Here may be found a verit- 
able fund of information on thermometry, 
temperature compensation, r-f power 
measurement, and a wide variety of uses. 

The varistor is treated in a like manner 
in Chapters V and VI, and as before a 
catalogue of uses of the varistor follows 
a very thorough presentation of its prop- 
erties. 

The balance of Part 1 of the book is 
concerned with photocells and the tran- 
sistor, A historic presentation of the dis- 
covery of the transistor preceeds a dis- 
cussion of the early point contact and 
more recent junction types. Actual cir- 
cuit characterization is covered in a clear, 
though fairly elementary, manner in 
Chapter XI. The following chapters con- 
sider the high-frequency problem and 
miscellaneous transistor types and cir- 
cuitry. 

Part 2 of the book develops the solid 
state physics of semiconductors. Chapter 
XV builds the Band Theory of Solids or 
“energy level’ concept from the Bohr 
model of the atom. The mechanism of 
conduction in solids is discussed in chap- 
ter XVI, leading to statistical study of the 
behavior of holes and electrons, in the 
following chapter. P- and n- type semi- 
conductors are studied and application of 
the continuity equation for excess minor- 
ity carrier concentration is made to show 
that an electrostatic field exists whenever 
there is a donor or acceptor gradient in a 
semiconductor. P-N junction theory fol- 
lows next in Chapter XIX. The remainder 
of the book considers the diode and the 
junction triode transistor as an out- 
growth of the p-n concepts. There are in 
addition, chapters on photoemission, 
thermoelectric and other effects in semi- 
conductors, in addition to various selected 
topics. 

The Properties, Physics, and Design of 
Semiconductor Devices is a comprehen- 
sive presentation of the field of semi- 
conductors in a manner unusual for its 
clear inductive development. This book 
covers uncommon devices such as the 
thermistor and varistor in excellent de- 
tail and presents the transistor in terms 
of a strong theoretical and practical foun- 
dation, not often encountered in tutorial 
texts, ; 
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TITLE: Principles of Electronic Instr: 
ments 


AUTHOR: Dr. Gordon R. Partridge 


PUBLISHER: Prentice-Hall Englewo 
Cliffs, N.J. 


Principles of Electronic Instruments } 
a book that explains how various ele 
tronic instruments work, in terms of bo« 
the theory of instrumentation and +f 
actual operation of measuring circuits. ; 

The measurement of voltage, becau; 
of its very basic relationship to oth 
quantities, is treated in elaborate detail . 
chapters two to six. Here the peak d 
tector is described and the various erro 
in output for various waveform inp: 
are defined. Circuitry of the d-c vacui 
tube voltmeter is next covered. Th 
cathode follower, bridge and d-c ini« 
grator types are analysed and _ typic; 
configurations are illustrated. A comple¢ 
chapter on Feedback (Chapter IV) pra 
ceeds a very excellent discussion of a+ 
electronic voltmeters. The unique circu 
features of three familiar commercial iri 
struments are analysed. 

The next chapters deal with the meas 
urement of other quantities by electron 
means. Chapter VII is concerned wit 
current electrometer techniques fe 
measuring minute charges. Chapter VI 
is a very thorough and interesting wor 
on electronic wattmeters. Chapter IX ow 
lines and define methods of frequenca 
measurement including an ample discus 
sion of the frequency counter. 

The remainder of the book covers man 
additional topics. The measurement ¢ 
phase, time, sound, and radioactivity a: 
but a few of the quantities considered. 7 
addition there are chapters on componer 
testing and digital display. 

Principles of Electronic Instruments 
a particularly well written book whic 
clearly explains the techniques involve 
in electronic measurement and the oftes 
uncommon circuitry used to implemer 
these techniques. The scope of the mate 
rial covered and the unusual clarity < 
the text recommend this book highly t 
laboratory personnel. 


TITLE: Concise Dictionary of Science 
AUTHOR: Frank Gaynor 


PUBLISHER: Philosophical Library New 
York 1959 


The Concise Dictionary of Science is i 
complete and up-to-date dictionary offer: 
ing explanations of various terms, name 
and concepts in every conceivable fieli! 
of science. 

The value of a book of this nature lies 
in the accuracy and detail of the varioul 
definitions. In this respect the work ii 
excellent. The definition of an element 
for example, identifies the atomic num 
ber, atomic weight, melting and boilin:| 
points, state and various isotopes in addi} 
tion to the density, date, discoverer and 
other pertinent information. Mathemati} 
cal definitions are clearly illustrated by 
an example; electrical. definitions are re: 
lated to known quantities. 

Concise Dictionary of Science is a valu 
able reference text useful in any course 
of scientific study, in addition to provid} 
ing a ready collection of factual scientifi i 
information for the engineer. ! 

Stephen E. Lipska} 
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BASE BORON CONTENT 
BELOW ONE ATOM OF BORON PER 
SIX BILLION SILICON ATOMS 


Measuring resistivity with digital voltmeter 
at Merck Control Laboratory, Danville, Pa. 


*MERCK DOPED SINGLE CRYSTAL SILICON—offers doped float zone refined single 
crystals of high quality at low costs. Yields of usable material are reported 
to be especially high when device diffusion techniques are used with these 
crystals. Float zone single crystals doped either “‘p” or “‘n’”’ type with 
resistivities from 0.1 to 300 ohm cm. any range plus or minus 25% with 
high lifetimes, available in diameters of 19 to 21 mm., and random lengths 
of 2 to 10 inches. 


NOTE: Doped single crystals float zone refined in other diameters, resistivities, or life- 
times not listed above can be furnished as specials. 


MERCK HIGH RESISTIVITY ‘‘P’’ TYPE SINGLE CRYSTAL SILICON—offers float zone 
refined single crystals of a quality unobtainable by other methods. Avail- 
able with minimum resistivity of 1000 ohm em. “p’’ type and a minimum 
lifetime of 200 microseconds, diameter 18 to 20 mm., random lengths 


2 to 10 inches. 


MERCK POLYCRYSTALLINE BILLETS—have not previously been melted in quartz, 
so that no contamination from this source is possible. Merck guarantees 
that single crystals drawn from these billets will yield resistivities over 


50 ohm ein. for “‘n’’ type material and over 100 ohm em. for “‘p”’ type ma- 
terial. Merck silicon billets give clean melts with no dross or oxides. 


MERCK POLYCRYSTALLINE RODS—are ready for zone melting as received... 
are ideal for users with float zone melting equipment. Merck polycrystal- 
line rods are available in lengths of 81% to 10% inches and in diameters of 
18 to 20 mm. Smaller diameters can be furnished on special order. In float 
zone refining one can obtain from this material single crystals with a mini- 
mum resistivity of 1000 ohm em. ‘‘p” type with minimum lifetime of 200 
microseconds or the material can be doped by user to his specifications, 


*NOTE: Extended resistivity range. © berks Conine 


For additional information on specific 
applications and processes, write Merck & Co., Inc., 
Electronic Chemicals Division, Department 

SP-119, Rahway, New Jersey. 


Electronic Chemicals Division 
MERCK &CO_Inc. + ranway, n.u- 
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ARE MADE 
ON KAHLE 
MACHINES 


KAHLE BODY CASE MACHINES 
- +. which automatically make up to 
1500 glass body cases per hour... are 
actually two machines in one. Because 
they first produce a beaded lead wire . . F 
and then seal a glass body sleeve over it 
... these outstanding Kahle machines 
can be employed solely for the production 
of beaded lead wires as well as for entire 
glass body cases. Both components give 
excellent performance in automated 
assembly equipment. 7 


Designed to establish new standards of 
efficiency and economy in your operation, 
this versatile machine is just one example 
of the full line of fine Kahle equipment 
for the production of semiconductors. 
In addition, every Kahle machine is 


pre-tested . . . under actual operating 
conditions . . . prior to shipment. 


For detailed information, write to: 


KAHLE 


ENGINEERING COMPANY 
GENERAL OFFICEs: 

8316 Hudson Avenue, Union City, New Jersey 

LEADING DESIGNERS AND 

BUILDERS OF MACHINERY FOR 

THE ELECTRONIC INDUSTRY 


ditorial ... 
Tear Sheets 


Beginning with this issue we’re discontinuing our free 


tear sheet service for articles published in SCP. The re- 
sponse has been so enormous, we just can’t keep up 


with it. We want to thank all those who requested tear- 


sheets for their interest, and for confirming to us how 
/ valuable the editorial content of our publication is to the 
‘engineers engaged in the electronic industry. Single 
/ copies of all issues may be purchased by those who wish 
/ copies of articles . 
) subscribe to our magazine if you aren’t already doing so 


. better still, we suggest that you 


... then you'll never miss out on obtaining any of the 


) articles you’ve shown us that you want. Thanks again! 


Nuclear Radiation Effects Conference 


On the 17 and 18 September 1959, the Second Con- 


'ference on the Nuclear Radiation Effects on Semicon- 
| ductor Devices Materials and Circuits sponsored by the 


Advisory Group on Electron Tubes was held in New 


| York City. The purpose of this meeting was to brief 


scientists and engineers concerned with this problem on 


| the latest technical findings. 


The nuclear environment is one of the many environ- 
ments in which semiconductor devices are expected to 
operate. It is no more or less important than the tem- 
perature power and mechanical environmental problems 
associated with the use of semiconductor devices. There- 
fore it behooves the engineer and scientist who designs 
and applies these devices to become informed on the 


; problems associated with the application of these devices 


under the variety of environments including nuclear 
radiation. 

Included in the highlights of the Second Conference 
Was a summary paper on the present status of semi- 
conductor devices in the nuclear environment as well as 
current report on new materials devices and circuits. In 
addition papers presented not only the deleterious effects 
of nuclear radiation on semiconductor devices but one 
worker utilized this effect as an instrument for detecting 
nuclear radiation. 

We, of Semiconductor Products Magazine, have under- 
taken the task of reprinting and publishing the 
Proceedings of the Conference mainly as a service to 
semiconductor device engineers, circuit designers, and in- 


| terested workers in the field. We feel that all designers 


of equipment utilizing semiconductor devices should be 


_ acquainted with the field and since very few texts are 
_ available on the subject the most expeditious medium 


of obtaining this information is through the Proceedings 
of the Conference. See page 49 for further information. 


The Fifteenth National Electronics Conference 

The fifteenth National Electronics Conference was held 
at Chicago October 14-16th. This Conference, which 
through the years has consistently maintained a very 
high level of scientific and technical achievements, has 
been the advanced Forum of the Nation for many new 
developments. This year papers were presented in the 
fields of servomechanisms, electron devices, electronic 
circuits, network theory, communications, computers, 
antennas, and radar navigation. Of particular interest for 
the field of solid state devices were the papers on design 
and performance of parametric amplifiers, and computer 
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applications; advances in the technology of photovoltaic, 
Hall effect and photoconductive devices, the theory of 
semiconductor amplifiers and oscillators; and on the 
technology of microcircuits and molecular electronic de- 
vices. 

The noise temperature of parametric amplifiers was 
shown to be reducible to values of the order of 100° K 
(noise temperature) with the use of gold bonded ger- 
manium diodes, and of the order of 35° K with the use 
of electron beam structures. In the latter case a special 
technique was suggested to extract noise from the beam. 
The frequency of operation of ferromagnetic parametric 
amplifiers was shown to extend to about 1 ke with the 
use of very thin films and correspondingly that of para- 
metrons to about 30 mc. The latter devices were dis- 
cussed in a previous Editorial (Oct. 1958). 

As far as the varactor type parametric amplifiers are 
concerned, their performance depends upon the figure of 
merit of the variable capacitance diodes; i.e. on their Q 
factor, frequency of operation and capacitance voltage 
ratio. The matter of the optimization of the design of 
such varactors was discussed in detail. 

Solar cells with theoretical conversion efficiencies up to 
51%, instead of the present day 23.6% were predicted; 
these will be based on the use of multiple layer structures 
and compound semiconductors. 

Extended long range communication links using scatter- 
ing from a passive satellite sphere and receivers equipped 
with travelling wave solid state masers were shown to 
provide a hundredfold improvement in signal to noise 
ratio. The system noise may be reduced to a theoretical 
io) Kat 6 ke: 

A number of papers dealt with the analysis and design 
of electronic circuits. For example a nonlinear analysis 
of transistor oscillators was developed, showing that the 
oscillator output and its harmonics could be predicted 
within a few percent. A new method of analysis of the 
stability of single and multiloop feedback amplifiers was 
presented, showing that the Nyquist plots of the input 
admittances could be obtained without actually solving 
the network determinant and using physically significant 
procedures of analysis. 

The limiting power conditions which apply for the 
operation of transistor amplifiers in the avalanche mode 
were derived and shown to be lower than those for 
normal operation. The effect of the presence of the non- 
linear p-n junction capacitance on the pulse response of 
transistor amplifiers was investigated. 

A field which appears very promising is that of molecu- 
lar electron devices. This field encompasses those devices 
in which a complex interaction of various individual 
effects takes place. A simple example of realization was 
presented a few months ago with the construction of a 
semiconductor flip-flop obtained from a single block of 
germanium, in which resistive and capacitive paths were 
provided. 

A new system capable of performing telemetry by 
means of the measurement of the intensity of a light 
beam was revealed. The system consists of a semicon- 
ductor block in which a saw-tooth oscillator is produced, 
having constant amplitude and having a frequency which 
varies with the intensity of the incident light. 


Samuel L. Marshall 
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ALL YOU SHOULD KNOW ABOUT GRAPHITE 
for Transistor Production 


Here are some of the questions it answers: 7. What difference does it make whether a graphite 
way ere : 5 : fusion jig is molded or extruded? (answered on 
I. Why is high purity important in graphite for semi- page 6) a ( 
co) 


conductor processing? (answered on page 5) ; 
8. What production help can a graphite producer offer 


: 4 9 
2. Can Ultra Pure graphite help cut costs? (answered a maker of transistors? (answered on pages 12-13) 


on page 5) 

3. Can more reliable transistors be made through the 9. Does United guarantee quality? (answered on 
use of Ultra Pure graphite? (answered on page 4) page 15) 

4. Does United guarantee “crash” deliveries And these questions are but a few—a merest indica- 
(answered on page 14) tion. For the whole story on United’s services, and 


on Ultra Pure Graphite’s role in improving semi- 

conductor production, send for this new 20 page loose- 

leaf, stiff cover brochure. Fully illustrated . . . carefully 

6. How is United set up to help with technical ques- compiled . . . sure to be a help to you... . Mail the 
tions? (answered on pages 2-3) coupon now. 


3. Exactly how pure is United’s Ultra Pure? (answered 
on page 5) 


United Carbon Products Co., Dept. C, Bay City, Mich. 


Please send me your new Semiconductor 
Graphite Products Catalog. (No obligation). 
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HEN THE CIRCUIT DESIGNER turns for the first 
time to the use of the transistor, he may encounter 
more equations and variables than he has found 
‘in utilizing the vacuum tube. He would like to know how 
the variables behave and how he might use approximate 
but valid equations. 
iM Approximate equations are developed here and applied 
to examples. These calculated results are then compared 
to experimental results. The following equivalent circuits 
and approximate formulas are valid at low frequencies, 
i.e., frequencies much less than the cut off frequency, f «. 


i 


‘Common Base Configuration (Figs. 1 and 2) 


For a black box such as depicted in Fig. 2, the voltage 
gain is given by: 
ise dy Kit 
Ex, Tin Rein 
If this general approach is applied to Fig. 1, the result is 
as follows: 


A, = 


E, =a te Rr 


and Ein = 16 %e + (tp — a te) To 
= 4. [re + (1—a) ro] 
f ¢ R 
Hence: A, = Ho _ a te Hey a oe ol 
Ein, Ve is (re ate (12) ro| re + ¢ —a) 7 Yo 
Letting 6 = pet ele , the voltage gain may be 
a 1 a 
I 
expressed as A, = BEA 
i) =e B Ve 
The input impedance is given by, 
Gye _ ltt oo) 
in le 


Lin aif “a (1—«) " 
The output impedance, Z,, is approximately equal to r, 


*Senior Engineer, Bendix-Pacific Division. 


A Practical Approach To Transistor Circuit Design 


JAMES D. LONG* 


Approximate design equations are developed from the basic equivalent circuit of the 
transistor. It is indicated that junction transistor parameters vary with variations 
in emitter current and temperature. The variations which are important to a circuit 
designer are examined. In particular, the stability of the operating point in a Class A 
amplifier is discussed. An amplifier which is not stabilized for variations in temperature 
is compared to one that is stabilized. The input and output impedances, voltage gain, 
and operating point stability are calculated for the stabilized ampiifier and compared 
to experimental results. 


in parallel with the load resistor. If r, > Rx, then 


Zo = =~ Rr, 
Te = Rr 
The current gain, A;, is equal by examination to a. 
A; ome & 4 


The power gain is equal to the voltage gain times the 
current gain. 


ae 4 
Ahmet A NOEAN eo cake eee 
p = (A,) (Ai) Sd GPE, 
If ac&l, ie) 
~ te + BTe 


Common Emitter Configuration (Fig. 3) 


The voltage gain in the common emitter circuit may 
be calculated as follows: 


E. =( 2 ) is 
1—a 


Fig. 2—Black box representation of transistor circuit. 
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Fig. 3—Common emitter equivalent circuit. 


*\1 =i (m+ ) 
ee a 


ie a Ry A ee 
BG, © (1 Lae a(n +5 wi “) ly ae p le 
SSG 


Note that the voltage gain of the common base stage 
is the same as that for the common emitter stage. How- 
ever, as it will be seen, the output impedance of the 
common base stage is higher than that for the common 
emitter stage. In practice one can realize more voltage 
gain in the common emitter configuration because of the 
higher input impedance and lower output impedance of 
this type of stage. 

The input impedance may be expressed as follows: 


eGines) 


Ein = 1 Ts + (w+. aly 


A, = 


Zin Tr Bn 
Ls, a 
: 1 
Since ~B, Zn=nt+Bre 
l-a 


The approximate value of the output impedance is 


(—a)r, Rr 
(l—a)r.+ Rr 


le Rr 


bys, (= = 
fe Se (83 Tae 


The current gain is approximately equal to Beta. 


A; a = e 
3 la 
The power gain is given by 
A, = (Ay) (A) = (8B _) (2 ) 
re + [1l—a] r5 l—a 
2 
vs a B Rr 
i) SF cy Te 


Note that the power gain of the common emitter stage 
is approximately equal to Beta times the power gain of 
the common base stage. 


Common Collector Configuration 


The equivalent circuit of a transistor in the common 
collector configuration is shown in Fig. 4. The value of 
the resistance (1—qa) 7, is usually large enough in com- 
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Fig. 4—Common collector equivalent circuit. 


i 
parison to the other parameters involved to be neglectek 
The gain calculations are as follows: 


pg, — 2Re 
l—ea 
Ein = 16 Tete (ae z wi) t 
l—a 


Now one can‘assume that 7, is small in comparison td 


Ry, and that 7% 7 1s much less than —— Rr oe 
ag ee 
Then fo pe Oe 
l—-—a 
A. = fie al. 
Ein 
1 
ee oy 
l—a p 
1 
A, = = 
ee 
lp w& Ri 
Ein ra 
Lin == oa 2 = ~ Bp Ri 
on ly 


The output impedance, Z,, equals the open circuiti 
voltage divided by the short circuit current. 


By Beak ee 
l—a 
Vhs ss Es = E, EK, 
d hes ( dp B Ub 
l-—a 
If Rosse eee : Eagan 
1 — a te 
Then Lo & Ra 
B 


Variation of Transistor Parameters 


Many junction transistor parameters vary with emitter 
current, temperature, age, and different samples of th 
Same type of transistor. In order to apply the formula 


Z 
which were previously derived, it becomes necessary to 
_ know something about how transistor parameters vary’ 


The common emitter current gain, 8, varies as shown 


in Fig. 5. Beta holds up much better with high values of 


T,. in the switching transistor than in the small signal 
transistor, so each type has its application. 
The base to emitter voltage, V;., varies in a linear 


fashion with changes in temperature, as shown in Fig. 6. 


If the base to emitter voltage drop of a silicon tran- 
Sistor is .6 volts at 25 °C, at 125 °C it will be: 0.6V — 
(100) (.002) = 0.4 volts. 

Ordinary diodes vary in much the same manner as the 
diodes in the transistor. Therefore, one is able at times 
to compensate a transistor against variations in V,. with 
variations in temperature by using one or more diodes. 

The variation of the collector leakage current, J... with 
variation in temperature is in general a serious effect 
especially at high temperatures. The low voltage, room 
temperature value of J,, doubles for approximately every 
10 °C rise in temperature. 


Ar 
Teo) aye 


Where: (J..)r equals the value of J... at the temperature 7’ 
I. equals the low voltage, room temperature J. 
AT equals the change in temperature in degrees 
centigrade. 
For example, if the J. of a given transistor equals 1uA 
at 25 °C, it will equal 8uA at 55 °C. 


(Leo)r = ( 


30 
(Ieo)r = (1pA) a = (1uA) (8) = 8yA 


One now is in a position to analyze the Class A ampli- 
fier. Two configurations will be considered, the unsta- 
bilized amplifier and one type of stabilized amplifier. 


Unstabilized Amplifier 


For the unstabilized amplifier illustrated in F7g. 7, the 
following conditions hold. 
T,=ale+ Leo 
(1 as a) We 


a a 


7,=1,—1,= 1, 


Voc = fdr, + Valid Vex = Ip Rp + Var 
IpReg — I, Rt — Ves = 0 


l-—a is ~ 
|1.( ) _ |R —1,Ri— (Vee —IeRt — Var) =0 
a a 
l—a ies 
1.( - )]Re- (2 =) Ry — Veo + Vox = 0 
l-a Rg l 
| 5 *) Re a Es te 


co 
— Vaz 


B ~ adh 
Switching 
Transistors 
I 
| 
| 
| 
| 
« 
| Small Signal 
Transistor 
| 
| 
1-5ma ae 
Fig. 5—Variation of Beta with I,. 
VBE 
Approximately 
~emv/oc (Slope) 
SILICON 
TRANSISTORS 
GERMAN ic ll Cigar a ask 
TRANSISTORS | 
22V | 
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Fig. 6—Variation of V;,, with temperature. 
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Fig. 7—Unstabilized amplifier circuit. 


ska a (ey ihe a Veg 
= (roe) (as ) ieee ee) ee 


If one takes the partial derivatives of Eq. 1, the varia- 
tion of collector current with respect to variations of 
V ccs Leo, and Vx can be determined. 


Two stability factors will be defined as follows: 


rao 'f 
a eae 
or Oi; Ad, 
"0 Ven AVaz 
For the configuration of Fig. 7: 
pe . ee BNC Len 
Bd bn l—ea 
s', = t= (8 \(z): Ar. = —go Vs 
ra) Ver l—a Rp Re 


The following is an illustrative example using the 
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GIVEN: 
loo= ijo at 25°C 
B=15 


Vpe=-6v at 25°C 
Ig=41ma at 25°C 
Veg=10v at 25°C 
Max Temp = 85°C 


300K 


ul 
Te oace 67 pa 


Rp =YEC - 300K 
Ig 


Fig. 8—Data for illustrative problem. 
(Unstabilized amplifier.) 


conditions outlined in Fig. 8. To find the operating point 
at T = 85 °C, we proceed as follows: 


60 


To at 85 °C = 1A (: \ = 64yA 


A Leo = 644A — 1A = 63uA 
Ver at 85 °C = .6V — (.002) (60) = .48 volts 


A Vgr = —.12 volts 
(cm totil = ¢ Ar. —p 2022 
B 
15 
= (15) (63uA) — ax) =10V) 
(15) (6344) — (19) (— 129) 


= 951 mA 
TP oSo C= ogee He Al, 
Il mA + .951 mA Y 1.95 mA 
(Vee)as °c = 20V — (1.95 mA) (10K) = .5 volts 
AV. = 10V — .5V = 9.5 volts 


One can readily see that this type of configuration is 
not very stable with variations in temperature. 


Stabilized Amplifier 


A more stable type amplifier will now be considered. 
The circuit is that shown in Fig. 9. 

If one follows the same procedure outlined in the 
previous circuit, the following equation will result: 


tu (1 tlhe -) “(a ta) Ve 
jae ae R2 


Rl 27 
: ee ee Vee 
I—a) +—* + ie Se 
Peo one eo Rl Ro 
eee 
=i Z 
ai(i-a+ e+ & n 
R1 R2 
Let 2. equal the parallel combination of Rl and R2 
Seales ot | 
lise mat | 2 
ee Os ee 
7) hes 


i 
=n Reg 
Rk. 
dears 
a he 
1 + ue 
Ss sty eee pee Tee, 
all R. 
lip 
; A = Lieg 
For the circuit of Fig. 9, S. = 1+ a 
R 
Al, =ALIe(1+ 9) 
en 
ae Oe 
oy 0 Ver 
val a 
r Bee 
Lie 
l1-—a+ — 
ee 
yes 
at a 


Ke An =) 
me (4 


é 


The stability of this type amplifier will now be com- 
pared to the unstabilized amplifier. Fig. 10 shows the 
circuit and component values. The same operating point 
is chosen for comparison value. Desirable stability factors 
generally range from 3 to 6 but may be whatever the 
designer feels is adequate for his application. In this case, 
a stability factor of 4 will be chosen. 


a Req 
So= 1+ i Fi 4 
f. is chosen to be 2K because at the operating current 
of lmA the voltage drop across R. will be considerably — 
Jarger than Vy and yet small enough to allow a large 
signal swing at the collector. 


Vec 


Fig. 9—Stabilized amplifier circuit. 
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GIVEN AT 25°C: 


Icg= 1a 
36K 10K ees 
yEERIMENTAC' | teeoy 
Ap |: VoE= By 
CALCULATED 2.6 ae T max= 85°C 
f OV . 
EXPERIMENTAL fe j 33.50 
2.6V R2 b= 50022 
ae X= 937 
= = = "c= 1.67M 


Fig. 10—Data for illustrative problem. 
(Stabilized amplifier.) 


‘Ss Since the value of S. in general does not have to be 
exact, we can use a rule of thumb in the choice of the 
| size of R2. Let R2 be the nearest commercially available 
) size to R.,. If R2 is chosen to be 6.2K, R,, will be 6K or 
| less which in turn will make S, £4. Choose R2 equal to 
} 6.2K and solve for Rl neglecting for the moment the 
effect of J, flowing through R1. R1 will be referred to as 
R1' while J, is being neglected. 
The voltage at the base of the transistor is equal to the 
base to emitter voltage plus the voltage drop across R,. 


Ve = Var + i: ee SAS volts 


The voitage divider, R1’ and R2, must set the voltage at 
the base of the transistor at 2.6 volts. 


R2 i. 
( ) (20V) = 2.6V 
RI’ + R2 


S) a 
Gaihere: (20V) = 2.6V 
Rl’ + 6.2K 
RY = 41.5K 


The divider composed of resistors R1’ and R2 would 
set the base of the transistor at 2.6 volts 1f it were not for 
the base current. Therefore, R1 must be smaller than R1’ 
to take into account the effect of the base current flowing 
through F1. 


where Rz is the base resistor which will set J, to the 
correct value. 


nd 20V — 2.6V 3 17.4V es (17.4) (15) 
4 Ip I./B 1 mA 
R1’ has already been found to be 41.5K. 
(41.5K) tebe) ~ 36K 

(41.5K) + (261K) 


= 261K 


All of the resistor values have been determined, and 
one now can calculate the actual stability factor, S.. 


Req (36K) (6.2K) 
S.=1+— =1+—\——— = 3.65 
ak. 42.2K 
aS. 
r, 
The input impedance of the stage equals ry +- aoa 


£ F 
Zin = 500 + 222 = 1030 ohm 
063 


Experimental Result: 1200 ohm 
The output impedance equals (1 — a) 7, in parallel 
with Neer 
— (105K) (10K) 
~ 7 Sek 


Lo ~ 92K 


Experimental Result: 9.1K 
The voltage gain equals Sect ee 
Ve + Yb (1 pa a) 


4. = —_£937)_(0K) 
~ "33.5 + 500 (.063) 


Experimental Result: 118 
The shift in operating point as the temperature changes 
from 25 °C to 85 °C will now be calculated. AJ, and 
A Vez are the same as in the unstabilized amplifier. 


Alo = 63nA; A Vez = —.12 volts 
(Ale): =Ade(S.) = (630A) (3.65) = 23mA. 


(A Ic)2 


I 


A Var(8;) = (-1(- =.) = .056 mA 


(A Leiviar = 23 + .056 = .286 mA 
Experimentally determined A J,: .28 mA 
(Ie)s5 °c = 1+ .286 = 1.286 mA 
The operating point has shifted 2.86 volts compared 
to 9.5 volts for the unstabilized amplifier. 
Summary 


To summarize these design considerations, Table I 
gives the approximate formulas for voltage, current, and 
power gains and for the input and output impedances in 
the three transistor configurations. 

The stability factors for the stabilized amplifier are: 


So = = rE > di ao Req 
Avdss tie 

SE = a I. ry — 
AVar | R. 
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Counters Using Single Crystal Barium 
Titanate Capacitors 


T. R. HOFFMAN* 


A counting circuit of the “staircase” type employs a single-crystal barium titanate capaci- 

tor as the key element of the charging circuit and a silicon unijunction transistor as the 

discharge device. Count ratio can be varied from 1 to over 100, and is independent of 

input voltage amplitude over wide ranges. Sine waves can be applied directly to the 
charging circuit. No preliminary wave shaping is necessary. 


process in electronic systems, and many counter 

circuits have been developed. One type is the 
“staircase” counter, in which a capacitor C is charged 
in step increments until the critical level of a dis- 
charge device is reached. C then discharges rapidly, 
generating a pulse that can be used to control sub- 
sequent actions, and the step-charging sequence re- 
peats. Fig. 1 shows the block diagram of such a 
scheme. The input is assumed to be sinusoidal, al- 
though this is nut in general a necessary condition. 
The specific action is that of frequency division, since 
each output pulse is occasioned by a predetermined 
number of input cycles. The number of input cycles 
per output pulse will be referred to in the ensuing 
sections as the “count ratio.” 

The design of vacuum-tube staircase counters has 
been described in detail.“ This article presents a 
radically different approach, in which the charging 
circuit is a diode-gated single-crystal barium titanate 
capacitor and the discharge device is a silicon unijunc- 
tion transistor. This arrangement has several advan- 
tages over previous mechanizations, namely: 

(1) a sinusoidal input voltage may be applied di- 
rectly to the barium titanate capacitor, thus 
avoiding the need for converting the input to 
square waves or pulses; 

(2) count ratio is independent of input voltage 
amplitude over wide ranges; 

(3) the increments of voltage across C are all the 
same height, so that high count ratios are as 
stable as low ones—count ratios in excess of 
100 are readily obtainable in a single stage; 

(4) the circuit is exceedingly simple—number of 
components is minimized. 


L IS FREQUENTLY NECESSARY to perform a counting 


* Engineering Consultant, Advance Equipment Engineering, 
Armament and Control Section, General Electric Company, 
Schenectady, New York 
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Sections I and II describe the single-crystal barium 
titanate capacitor and the unijunction transistor, re- 
spectively. Sections III and IV discuss their simul- 
taneous use in the staircase counter. Section V con- 
siders possible applications briefly. 


I. Single-Crystal Barium Titanate Capacitors 


Barium titanate is a ferroelectric material. The 
dynamic charge vs. voltage plot (or “hysteresigram”’) 
is shown in Fig. 2. A and B represent the two 
remanent polarization states that can exist when the 
voltage is zero. The quantity “2Qr” is called the 
“remanent charge switched.” It is the charge that is 
dumped into the circuit external to the single-crystal 


CHARGING 
CIRCUIT 


DISCHARGE 
DEVICE 


INPUT 
(SINUSOIDAL) 


OUTPUT 
PULSE 


te 


Fig. 1. Staircase counter 


Fig. 2. Single crystal barium titanate hysteresigram 
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NEGATIVE RESISTANCE 
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Te 


(b) INPUT CHARACTERISTIC 


(a) CIRCUIT SYMBOL 


Fig. 3. Unijunction transistor 


unit when switching from A to B or vice versa occurs. 

A voltage swing that exceeds the coercive voltage 
Vo in first one direction then the other will cause the 
unit to follow the hysteresis loop of Fig. 2 in a counter 
clockwise direction. Current of appreciable magnitude 
will flow in the external circuit only during those in- 
tervals when the vertical portions of the loop are being 
traversed. At all other times the dynamic capacity 
dq/dc of the unit is very small, so that the capacitive 
reactance is very high. 


Il. The Unijunction Transistor 


The unijunction transistor (or “double-base diode,” 
as it was originally called) is a relative newcomer to 
the growing family of practical semiconductor devices. 
It is constructed by making two ohmic base contacts 
(base 1 and base 2) at opposite ends of a silicon bar, 
then adding a single rectifying contact (the emitter) 
part way down the bar. The operating characteristic 
of interest is the stable negative resistance that ap- 
pears between emitter and base 1 under certain con- 
ditions. Fig. 3 shows the circuit symbol and the 
input characteristic for a particular value of Viz. As 
Vee varies the curve retains the same general shape, 
but the peak point varies in direct proportion. 


Ill. Staircase Counter Using a Single Crystal Barium 
Titanate Capacitor and a Unijunction Transistor 
The basic staircase counter circuit using a single- 
crystal barium titanate capacitor in the charging cir- 
cuit and a unijunction transistor as the discharge 
device is shown in Fig. 4. The input voltage is assumed 
to be sinusoidal, and large enough to switch the single- 


Fig. 5. Staircase counter waveforms 


Fig. 4. Staircase counter circuit 


crystal capacitor SC back and forth between remanent 
charge points A and B of Fig. 2. 

Operation may best be explained by assuming that 
initially C is uncharged and SC has just been set to 
point B by a negative half cycle of V;,. The next posi- 
tive half cycle of V;, will switch SC to point A, de- 
livering charge 2Q,p via diode Dz to capacitor C in so 
doing. C will therefore receive a voltage increment 
2Q,/C. The next negative half cycle of V;, will reset 
SC to B, with charge flow to ground via diode D,. De 
will be reverse-biased, hence C will not discharge 
appreciably and Vy will remain (ideally) at 2Q2/C. 

Subsequent cycles of V;, will have the same effect. 
Each positive half cycle will switch SC to A and adda 
voltage increment. 2Qz/C to Vy. Each negative half 
cycle resets SC to B, leaving Vy, unchanged. This 
continues until the accumulated voltage increments 
across C cause V, to exceed the peak point of the UT 
input characteristic. The UT input resistance then 
suddenly becomes negative and C is discharged very 
rapidly. Vy, drops to zero, the UT input resistance be- 
comes positive and high again, and the step-charging 
process repeats. A set of waveforms for a count ratio 
of 5 is shown in Fig. 5. The spike at UT base 2 is 
caused by current flow in the base 1—base 2 circuit 
at the moment of C discharge. 

Count ratio can be varied by varying C, 2Qpr, or 
Ey». The first two possibilities vary the height of the 
increments, while the third changes the critical level 
of the discharge device. 


IV. Experimental Results 


Laboratory tests were made on the circuit of Fig. 4. 
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Fig. 6. Count Ratio vs, C 
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SC was a number 7 unit manufactured by the Har- 
shaw Chemical Corporation. It had a nominal 2Q, of 
0.125 microcoulombs. D, and D2. were Hughes Corpo- 
ration type 6008 silicon diodes. C was a decade capaci- 
tor box variable from 0.01 to 1.0 microfarads. UT was 
a General Electric Company 2N490 silicon unijunction 
transistor. 


(a) Count Ratio vs. C 


Figure 6 shows a plot of Count RatiovsC .The graph 
is shown as a series of points because of the discrete 
capacity steps used in making the test. Actually, there 
is a range of C for each count ratio, and the plot for 
all possible values of C would be a staircase similar to 
the Vy waveform of Fig. 5. The plot shows that count 
ratio increases linearly up to over 100. This linearity 
is due to the aforementioned equality of voltage in- 
crements, as contrasted with the exponential curve 
obtained with tube circuits.{’) In the latter case the 
height of each voltage increment depends on the volt- 
age already accumulated, hence, each increment is 
smaller than its predecessor (unless additional cir- 
cuitry is added to compensate). 

If count ratios higher than those conveniently ob- 
tainable with a single stage are needed, it is possible 
to cascade counters to any desired degree. 


(b) Count Ratio vs. Ey, 


Variation of Ey, produces the curve of Fig. 7. As in 
the case of C,a range of Ey, exists for each count ratio. 
The only limitation here is imposed by the maximum 
allowable E,,, for the unijunction transistor used. 


(c) Effect of Vi, Variation on Count Ratio 


Count ratio is independent of Vin over wide ranges, 
as shown by the data of Table I. 2Qr increases slightly 
as V;, increases, hence, count ratio will be lowered one 
unit at some critical V;,. In case 1, where C is small 
so that the voltage increments are relatively large, 
there is a region of uncertainty between counts of 5 
and 4 due to line voltage fluctuations. The uncertain 
area becomes smaller as C is increased. It was less 
than a volt in case 2. 


(d) Effect of Input F requency on Count Ratio 


Input frequency is not a factor in count ratio until 
it becomes so high that the finite switching time of SC 
prevents attainment of full increment height, or so low 
that appreciable discharge of C occurs between charg- 
ing intervals. The high frequency limit is a function of 
Vin, since this affects switching time. The low fre- 
quency limit depends on the leakage resistance of (ES 
the back resistance of the diodes, and the unijunction 
transistor “off” input resistance. An “order of magni- 
tude” estimate for usable range with ordinary com- 
ponents might be from 10 cps to 100 keps. 

The data of tests (a) and (b) was taken with an 
input frequency of 10 keps. 400 cps was used in (c). 
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Fig. 7. Count Ratio vs. E,,, 


V. Possible Areas of Application 


Counters of the type described are well adapted for 
use as frequency dividers in systems such as loran 
(accurate time measurement), television (to derive 
frame rate from equalizer pulse rate) and radar 
(range marks). In conjunction with gating circuits, 
they can perform non-repetitive time interval meas- 
urements. Two counters plus associated gates can time 
sequentially repeating independently controlled in- 
tervals such as are required to control the “on” and 
“off” times of a seam welder. This principle can 
readily be extended to more than two intervals. 

Use of staircase sweep voltages for electrostatic 
storage tubes enables accurate positioning of the elec- 
tron beam, with sufficient time spent at each storage 
location to allow for read-out and subsequent regen- 
eration if desired. 

Modulation of E,, can produce interesting effects. 
Pulse position modulation is a direct possibility. 
Analog-to-digital conversion occurs if the analog volt- 
age is used for E,, (with a d-c bias, if necessary, to 
insure that the net base 2 supply is always positive) 
and the resulting staircase waveform (with a number 
of steps proportional to instantaneous E op) is differen- 
tiated to produce pulses which set a flip-flop register 
to the appropriate digital number. 

In summation, it is felt that virtually unlimited pos- 
sibilities exist for these novel components. The retard- 
ing element to date has been the problem of question- 
able material stability. Progress has been made in this 
area, and applications of a type that require merely 
the existence of two stable remanent points now seem 
feasible. 


Reference 


© “Counter Circuits for Television,” by Easton and Odessey; 
Electronics, May 1948. 
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A Report On The International Convention On 


: Transistors And Associated Semiconductor Devices 


BERNARD REICH* 


HE INTERNATIONAL CONVENTION on Transistors 
and Associated Semiconductor Devices held at 
the Earls Court Exhibition Hall in London, Eng- 

land on 21-27 May 1959 appears to have been favor- 
ably received by both the technical personnel and 
by the public. This is apparent from the attendance 
at both the Convention and the Exhibition of ap- 
proximately 2000 and 35,000 respectively. At the con- 
vention over 150 technical papers were presented 
covering five basically different areas of the semi- 
conductor industry. The scope of the exhibition en- 
compassed transistors and other semiconductor 
devices, materials used in transistor manufacture, 
equipment incorporating semiconductor devices and 
specialized components used in transistorized equip- 
ment. 


Opening Session 


The Convention, encompassing the five basic areas 
of the semiconductor industry, was opened by papers 
presented by Drs. J. Bardeen, W. H. Brattain and W. 
B. Shockley. The papers presented by the first two 
of these speakers were historical in nature present- 
ing information on the developments leading to the 
discovery of the transistor and the years thereafter. 
Dr. Shockley’s presentation concerned itself with 
transistor diode type devices and their application, a 
subject of great interest to him over the past few 
years. 


Papers Presented 


The papers presented during the remainder of the 
convention were oriented toward the following areas. 


1. Materials. (Two Sessions) 
In the initial session, lectures were presented on 


the following subjects: “Germanium and Silicon”, 
“Auxiliary Materials in Transistor Technology” 


*U. S. Army Signal Research and Development Laboratory, 
Ft. Monmouth, N. J. 
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and “Properties and Application of Some Binary 
and Tertiary Semiconductor Components”. 


. Basic Theory. (Two Sessions) 


During the course of these sessions lectures were 
presented on the following topics: “Fundamentals 
of Junction Transistors”, “A Modern Approach to 
Semiconductor and Vacuum Device Theory”, “The 
Factors That Determine The High Frequency Per- 
formance of Transistors”, “The Design Theory of 
Avalanche Injection Diodes”. 


. Characteristics, Measurements and Transistors as a Circuit 


Element. (Five Sessions) 


Lectures were presented on the following topics 
during these sessions: “Transistor Equivalent Cir- 
cuits”, “Shot Noise in Silicon Junction Diodes”, 
“Characterization and Properties of Devices”, 
“Radio Frequency Measurements on Transistors”, 
“The Theory of Two Ports”, “Avalanche Transistors 
as Fast Pulse Generators”. 


. Technology and Design and Manufacture. (Four Sessions) 


Lectures were presented on the following sub- 
jects: “Effect of Device Design on Performance and 
Quality”, “The Evaluation of High Frequency 
Transistor Design”, ‘Environmental and Device 
Cleanliness and Purity Standards”, “Survey of 
Present Day Manufacturing Techniques of Transis- 
tors’, “Trends in Transistor Manufacture Tech- 
niques”, “Mechanization for Production of High 
Frequency Electro-Chemical Transistors”. 


. Applications. (Nine Sessions) 


Lecture papers on the following subjects were 
presented: “Domestic Radio Receivers and Fre- 
quency Equipment”, “Line Communications 
Including Pulse Code Techniques”, “Radio Com- 
munication”, “Pulse Circuits”, “Applications of 
Transistors in a Space Division Electronic Tele- 
phone System”, “Transistors in Data Processing 
Machines”, “The Use of Transistors in Instrumenta- 
tion”, “Industrial Applications of Silicon Controlled 
Rectifiers”, “Rectification and Power Supplies”, 
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“D.C. Amplifiers”, “Applications of Photo Sensi- Some of the features noted at the Exhibit were: 7 

1. Demonstrations of the automatic measurement of 
wafer thicknesses and other equipment associated 
with the manufacture of transistors by Newmarket 


tive Devices’’, 
From the breakdown of sessions it is evident that 
a wide area of the industry was covered with most 


of the sessions centering about device application. Transistors Limited. By virtue of the practical as- 
Generally, the areas of application covered were pects of this exhibit it attracted many visitors. 
Switching Circuits, Communications, Linear Ampli- 2. Silicon alloy transistors and Hall Effect Devices 
fiers and Oscillators, Instrumentation and Industrial presented by Siemens and Halske, Germany. 
Applications. It is evident that the Proceedings of this 3. Solid State circuitry incorporating transistors and 
convention will take its place with the two “Proceed- diodes as well as passive elements of resistance and 
ings of the IRE” set aside to semiconductors, Novem- capacitance. One of the circuits shown was a 
ber 1952 and June 1958 issues. multivibrator containing two diffused base tran- 
sistors, two capacitors and eight resistors. 

Publications In addition a gallium arsenide diode was shown 


which was reported to be capable of operating in 
the temperature range from —65°C to 325°C. These 
were noted at the Texas Instruments Limited Ex- 
hibit. 

Controllable Silicon Rectifiers and Applications 


es : ; ¢ presented by Westinghouse Brake and Signal 
1, “Transistors and Associated Semiconductor De- Limited. Various demonstrations were shown on 


vices”. A Review of Progress by R. G. Hibbard 
Paper Nr 2914, May 1959—Institution of Electrical 5 


In addition to the papers presented at the Conven- 
tion, three other publications appeared from the 
British Technical Literature which seemed to be of 
general overall interest to workers in the semicon- 4 
ductor field. These were: 


the applications of this device. 
. A sensitive oscilloscope with frequency response 


Engineers. extending from d-c to 300 mc with a screen size of 
In this article statistics on the growth of the semi- 21 inches presented by the Atomic Energy Research 
conductor industry are presented since 1948. A brief Establishment” 


summary of the techniques utilized in junction 
formation is given. Finally, mention is made of a 
few typical fields of application. 


At the present time there are nineteen companies 
in the United Kingdom either in the process of manu- 
facture or about to manufacture semiconductor de- 
vices. Listed below are the manufacturers and general 
areas of operation. 


2. “World Trends in Semiconductor Development 
and Production” by C. C. Gee—June 1959 issue 


British Communications and Electronics. The Diodes —_ Photo 
article surveys contributions that different coun- Manufacturer Trdncistors Recauers sue 
tries of the world have made to the development Associated Electrical Industries 2h 
and production of semiconductor devices. *British Crystal Co Ltd x x 
3 Finall 4 5 f Associated Transistors Ltd x 
- Hinally, a special magazine prepared for the Ex- English Electric Valve Co Ltd xX 
hibition entitled, “The Transistor Era” published by The British Thomson Houston 
British Communications and Electronics. Co Ltd = zs = 
Th ; 3 £ th blicati one id Ferranti Ltd aX. x x 
e primary aim of the publication is to provide General’ Electric Col lid x xX 
a standard source of reference to products asso-  *Intramural Rectifier Co 
ciated with the semiconductor industry, manufac- G S Britain Ltd x x 
t damthewnited Kincd Trredaias Jos Lucas (Electrical) Ltd x 
ture mn e Unite ing om. In addition, a survey = yujlara Ltd x x x 
is also included of semiconductor manufacturers in Newmarket Transistors Ltd x 
other countries. The Plessey Co Ltd x x 
Rank Centel Ltd x 
a *Semiconductor Ltd xX 
Exhibits Siemens Edison Swan XK 
o Standard Telephone & Cable Ltd xX x x 
Exhibits were presented by firms manufacturing Technical Ceramics Ltd x 
semiconductor devices, those making transistor ma. “Texas Instruments Ltd x x _ 
; : : ; : Westinghouse Brake and 
terials, equipment Incorporating transistors, and those Signal Ltd x 


manufacturing specialized components for use in 


traneistoried equipment, Companies having listed connections with United States 


manufacturers. 
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Variable Capacitance Diffused Junction Diodes 


W. MacDONALD* 


De SCHULTZ 


DR. J. R. MADIGAN* 


The space charge layer capacitance has been calculated for some impurity distributions 
which are characteristic of diffused junction devices. For an exponentially graded 
junction the capacitance-bias voltage relation varies continuously from the character- 
istic of a linearly graded to that of an abrupt junction as the ratio of the width of the 
barrier layer to the diffusion length is varied. The results indicate that the high capaci- 
tance to bias voltage change of an alloy diode can be achieved by a suitable diffusion 
program without sacrificing the other advantages of a diffused junction device. 


HE VOLTAGE DEPENDENT CAPACITANCE Of a semicon- 

ductor junction diode has recently been made the 

basis for a new type of capacitor by several manu- 
facturers. An ideal alloy diode is characterized by an 
abrupt transition from n to p material and uniform 
impurity densities within the n and p regions. The cases 
of the abrupt and linear graded junctions have been 
treated by Shockley! while Giacoletto!4] has obtained an 
approximate expression for the space charge layer capaci- 
tance in more general types of graded junctions. However, 
Giacoletto’s analysis assumes that the space charge layer 
extends into and grows only on one side of the junction. 
This is an inadequate model for diffused junction diodes. 
In solving Poisson’s equation, it is possible to obtain a 
relatively simple expression for barrier layer capacitance 
as a function of bias voltage for impurity distributions 
which are characteristic of diffused junction devices, 
without the approximation given in the Shockley and 
Giacoletto papers, and with physically reasonable bound- 
ary conditions. 


Calculation of Barrier Layer Capacitance 


The particular form of the dependence of capacitance 
on bias voltage is a function of the distribution of im- 
purities within the semiconductor. We have determined 
the transition region or space charge layer capacitance 
for the cases of abrupt, linear, exponential, and com- 
plementary error function distributions of impurities. 
The capacitances due to hole flow into the n-region and 
electron flow into the p-region have been neglected. Their 
effect would be to add two diffusion capacitances (one 
for holes and one for electrons) to the capacitance of the 
transition region. The diffusion capacitances have an 
exponential dependence on bias voltagel") so that for the 
reverse bias conditions under which the diode will operate 


*Hoffman Wlectronic Corporation, Semiconductor Division, 


Evanston, Illinois. 


they are negligible compared to the transition region 
capacitance. 
To determine the dependence of junction capacitance 
on bias voltage we must solve Poisson’s equation 
a2V a 
Sp weeS (1) 


da? € 


where V is the voltage, e,. the space charge density, 
and ¢ is the permitivity of the material (e.g., silicon) 
subject to the boundary conditions. (See Fzg. 1) 

E(a) = E(c) = 0, V(b) =0 


b c 
i Psc dz = — [en dx (2) 
Ja Jb 


The first condition states that the electric field (gradient 
of the potential) vanishes at the boundaries of the space 
charge layer (x = a and x = c). The second states that 
the potential is zero at the junction (x = 6). The last 
relationship states that the space charge region as a 
whole must be electrically neutral. That is, the total 
number of uncompensated acceptor atoms on the p-side 
of the junction must be balanced by an equal number of 
uncompensated donor atoms on the n-side of the junction. 

Actually the boundary conditions are redundant, in 
the sense that the neutrality condition can be derived 
from the condition that the field vanishes at the limits 
of the space charge region. In addition it is not necessary 
to impose the condition that the potential be zero (i.e., 
change in sign) at the junction, in order to obtain either 
the maximum field or the voltage drop across the space 
charge layer. In the special cases that follow only the 
neutrality condition and the fact that the total width of 
the space charge layer, W, is equal to c-a have been 
applied. 


and 


Case 1. The Abrupt Junction 


= —g@N, fora <x< band o,.. = qNs for b <2@< € 
In this case the distribution of impurities is uniform 
within the n and p regions and there is an abrupt or step 
change in the distribution at the junction. The 


5 
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Fig. 1—Schematic diagram of a P-N junction (upper). 
Distribution of impurities within a P-N junction (lower). 
junction voltage is related to the capacitance per unit 
area of the transition region (assuming that it may be 
treated as a parallel plate capacitor with C,. = «/W* 
as follows 
vig qWw? NLN; al qe N,N, 

Ze NotN, 2C?,, Ne + No 
where W is the width of the transition region, C,. the 
capacitance per unit area of the transition region, NV, and 
N, are the concentrations of the alloyed or diffused and 
base layer impurity atoms, respectively. For this model 
we have 


(3) 


VC? = constant (4) 


so that on a log-log plot of capacitance as a function of 
bias voltage we obtain a straight line of slope —1/2. 

If Na > Na as would be the case for an aluminum alloy 
junction, the expression reduces to 


eee hg gp tyres 
AO 2p Ca 0b 


(5) 


where @, the resistivity of base region is given by 

e = que Ny (6) 
The Q of such a capacitor is the ratio of the capacitive 
reactance to the series resistance of the diode. Since the 
series resistance in an alloy junction diode is determined 
principally by the resistance in the base layer the Q is 
given by 


* See Appendix I 


Lifole opl!? Fr) 1 
R, 2b 


Q = 

opi? 
So that a log-log plot of Q as a function of base layer 
resistivity at constant frequency and bias voltage should 
yield a straight line of slope — 1/2. 


Case 2. The Linear Graded Junction 


Ose = qd az where N; — Np = 7 t 


For this case the junction voltage is related to the ! 
capacitance by 


yvetw 


oe ie ®) 


1D ios 


On a log-log plot of capacitance as a function of bias | 
voltage this model yields a straight line of slope — 1/3. 
While this model does not correspond to a junction 
obtained either by alloying or diffusing into base material 
of uniform resistivity it is important in the sense that the 
properties of diffused junctions may be shown to lhe 
between the extreme cases of the abrupt and the linear 
graded junctions (See Frg. 2). 

The voltage capacitance relationship for this case 
indicates that for a fixed bias voltage the capacitance 
decreases with shallower gradients. This result is physi- 
cally reasonable since shallower gradients require that 
the space charge layers extend more deeply into the n- 
and p-regions. The wider space charge layer reduces the 
equivalent parallel plate capacitance. 

The capacitances, due to the exponential and comple- 
mentary error function impurity distributions, have not 
previously been calculated (at least not in a form appli- 
cable to diffused junction devices). These distributions 
are of importance in the case of p-n junction produced by 
solid state diffusion techniques. The complementary error 
function is appropriate when diffusion takes place from 
an unlimited source and the decreasing exponential 
function applies to diffusion from a limited sourcel®l. 
Fig. 1 shows the impurity distribution within a semi- 
conductor for any arbitrary distribution of impurities. 
We assume that diffusion takes place from the surface 
(x = 0) into the body of the semiconductor which has an 
initial uniform impurity concentration N,. The decreas- 
ing exponential and the complementary error function 


inear 


abrupt 


Fig. 2—Impurity distributions leading to various de- 
pendencies of junction voltage on capacitance. 
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I citions are similar in form but the complementary 
' error function falls more rapidly with distance below the 


N(x) = N, exp (—2/L) —N,p and ex, = gN(z) 


where L is the diffusion length for the particular impurity 
atom which is being diffused in from the surface of the 
semiconductor. The junction voltage is related to the 
width of the space charge layer by 


V =2L Ep a (= coth f= i) (9) 
27 \ OL 21 
where Lp = =. N,L is a field associated with the diffu- 


‘sion length and is therefore a function only of the time 
and temperature of the diffusion, the resistivity of the 
base material, and the permittivity of the semiconductor. 
If one defines a diffusion capacitance per unit area by the 

relation Cp = e/L and the space charge layer capaci- 
tance by the relation C,, = ¢/W, the capacitance voltage 

relationship becomes 

ae (<2 Bis 1) (10) 

Soe Sn Be De we 

If one plots either V/2LEp as a function of W/2L or 

VCp?/2 geN> as a function of Cp/2C,, on log-log paper 

_ one obtains the curve shown in F7g. 3. If the expressions 

for the abrupt and the linear graded junctions were 
plotted in the same way (i.e., voltage as a function of 

capacitance) their slopes would have been two and three, 
respectively. Therefore, if the exponentially graded 
junction lies between the abrupt and the linearly graded 
junctions as Fig. 2 indicates, the slope of the curve should 
be between two and three. The slope of the capacitance- 
voltage curve for the exponential case varies continuously 
from three for small values to two for large values of 
Cp/2C,-. The limiting cases can be shown to be 


(Cp/2C x¢)?/3 


V = 2q¢eNp coth 


VCp 


. a Ie if 
2gCN, 1 — (Cp/2C.)/3 C/O eli? 
for Cp/2Ce«K 1 (11) 
and , 
VC% _ ee ) Pi Og- =: ( Cb ) 
QqeN, \2C xe 2 NOC, 
for Cp/2C..> 1 (12) 


The dependence on the resistivity of the base material 
may be introduced by setting e» = qu»N>. One can then in 
principle determine the dependence of the space charge 
layer capacitance on the resistivity of the base material 
for a fixed bias and a given diffusion program. This result 
_ may be used to determine the behavior of Q as a function 
of the base layer resistivity as was done for the abrupt 
case. However, the expression is transcendental and 
requires rather tedious numerical work and will not be 
pursued further. 


Fig. 3—Dependence of capacitance on bias voltage for the 
exponentially graded junction. 


Case 4. The Complementary Error 
Function Graded Junction 


Oc = GN (x) = Q(N, erfe x/L — No) 


where L is the diffusion length for the particular impurity 
atom which is being diffused in from the surface, N, is the 
constant (in time) surface concentration of this impurity, 
and N, is the uniform concentration of the base layer 
impurity atom. In this case the junction voltage is related 
to the width of the space charge layer by 


Vs SS (exte ere erfe <) 
2 L L 
his oom =X fi Ey (13) 
Loar L Ep | 


where Ep = gN,L/2¢ is the diffusion field and Ey/Ep, 
the ratio of field at the junction to the diffusion field, 
is given by 

Eu 
Ep 


pepe: 
ee Lp Boe es > 


( 3 ee. :) 
= — eric =— 
V T L L 


Ks (= e-xjlL'_9 ~ erfe = ) (14) 
Ee ? 


For relatively long diffusions into high resistivity base 
material and/or large reverse biases ¢ will be much 
greater than Z and the junction voltage relation becomes 
to a high order of approximation 


ae ee BB Ee bane MLA Ce! X| 
2 L LL N,| 


(15) 


where use has been made of the fact that the junction is 
defined as the place where the net space charge density 
vanishes. 

Unfortunately all of the above expressions contain in 
some manner the boundaries, a and ¢, of the space charge 
layer. We have not been successful in obtaining an 
expression for voltage drop across the junction which 
depends only on the width of the space charge layer, 
w, the concentrations of the diffusing and base layer 
impurities, NV, and N, respectively and the diffusion 
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Fig. 4—Breakdown voltage measured at a reverse current 
of 10 mA as a function of base layer resistivity for a fixed 
diffusion program. 
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Fig. 5—Dependence of Q on base layer resistivity for some 
diffused junction diodes. 
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Fig. 6—Capacitance as a function of bias voltage for 
typical diffused alloy junction silicon diodes. 


length, L, of the diffusing impurity atom. However, this 
does not prevent us from making some general observa- 
tions about the capacitance associated with the comple- 
mentary error function junction. This function leads to 
an impurity distribution that for similar conditions lies 
between the abrupt and exponential distribution (See 
Fig. 2.) It must therefore, have a voltage-capacitance 
relationship somewhere between the square and cubic 
dependence of voltage on capacitance of the abrupt and 
linear graded junctions, respectively. 


Experimental Results 


To test the theoretical predictions measurements 
were made of capacitance as a function of bias voltage at 
a fixed frequency and as a function of frequency at fixed 
bias voltage on both alloy and diffused junction silicon 
diodes. The dependence of Q on base layer resistivity 
may be easily determined from the Hoffman line of 
diffused zener regulators. The zener voltage of these 
units (measured at a zener current of 10 mA) as a function 
of base layer resistivity for a fixed diffusion program 
(i.e., a given diffusion time and temperature) is shown 
in Fig. 4. Measurements of Q for regulators of different 
nominal zener voltage are therefore easily transformed 
into plots of Q as a function of base layer resistivity. 
These results are presented in Fig. 5 for 90 and 60 mil 
diameter diffused regulator wafers. The slope of —0.54 
is approximately the value predicted by Eq. (7) for 
abrupt junctions. Since the capacitive reactance and the 
series resistance both vary inversely with area, their 
ratio @ should be independent of area and the points 
corresponding to the 90 and 60 mil diffused wafers should 
all fall on the same line. This is not the case for the lower 
voltage diodes plotted in Fig. 5. These units had high 
leakage current and the excessive leakage may account 
for the dependence of Q on area. If one represents the 
diode by an equivalent circuit consisting of a resistance, 
f, in series with a resistance rp, and a capacitance C She 
parallel, the equivalent impedance of the diode is 


2 
Zope ee ee : WP »’?C 
1+ 0,20? ~ 1 4+ 07,20? 
The Q of the circuit is the ratio of the reactive to resistive 
components of the impedance and may be expressed in 
the form 


(16) 


1 
Tor hala 
WP pC 
This differs from Eq. (7) by the addition of the term 
(1 + k./rp)/wryC. Now R, represents the base layer 
resistance of the diode and is usually small compared with 
ry Which is the equivalent barrier layer resistance shunted 
by a surface leakage resistance. To a high order of 
approximation Q is therefore given by 


Q 


(17) 
+ whk,C 


Q=— : 
——> + of:C 


OP pC 
All of these terms would be independent of area if the 


32 SEMICONDUCTOR PRODUCTS e NOVEMBER 1959 
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_ value of r, was not so strongly dependent on surface 


_ leakage. The surface leakage take places over the surface 
of a cylinder of area 2rrw where r is the radius of the 
_ junction and w is the width of the space charge layer. 


_ The capacitance on the other hand is directly propor- 


tional to wr?. Thus at low frequencies where the first 
term in the denominator of Eq. (17) predominates Q will 
be directly proportional to r. This effect will only be 
observable (if it exists) at low frequencies and for diodes 
with high Jeakage currents (i.e., small values of r,). 
The capacitance-voltage curves plotted in Fig. 6 show 


_ that the alloyed units have a square root dependence and 


the diffused units a dependence between the square and 
cube root, dependencies of capacitance on bias voltage 
associated with the abrupt and linear graded junctions. 
Diffused junction diodes should show the cube root 
dependence for relatively long diffusions into low resis- 
tivity material at small reverse bias and the square root 
dependence for relatively short diffusions into high resis- 
tivity material at large reverse bias voltages. These 
conclusions are confirmed by the data presented in Fig. 7. 
In order to produce high @ diodes the series resistance 
must be made as small as possible. Since Q has been shown 
to be independent of the area of the junction, this can be 
achieved by lowering the resistivity of the base material 
and reducing the length of the series resistive path. 


Discussion of Results 


The behavior of both the alloy and diffused junction 


' diodes studied is in good agreement with the theoretical 


predictions. The type of diode that one should use will 
depend upon the application. For instance one might 
wish to use the voltage dependent capacitance of a junc- 
tion diode for the tuning capacitor in a broadcast band 
radio. For this application it is important to obtain the 
largest possible change in capacitance for a given change 
in the bias voltage. The fractional change in resonant 

' frequency of an LC circuit for a given change in capa- 
citance (assuming L fixed), is 


Av AC 

V 20 
The relationship between the fractional change in capa- 
citance and the fractional change in junction voltage is 
determined by the distribution of impurities within the 
semiconductor. From Equations (4) and (7) these rela- 
tionships are 


(18) 


(19) 


for the abrupt and linear graded junctions, respectively. 
The corresponding relationships between junction 
voltage and frequency are V « vy‘ for the abrupt and 


VV vy for the linear graded junctions. Thus for a three 


to one change in frequency (to cover the broadcast band) 
there must be an eighty one to one change for the abrupt 
and a seven hundred and twenty-nine to one change for 
linear graded junction in bias voltage. 

Since a diffused junction diode will be somewhere 
between these two limits, it would appear that an alloy 
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junction which closely approximates the abrupt case 
would be most suitable for this application. However, | 
Fig. 7 indicates that by suitably adjusting the diffusion 
program one can obtain essentially the same capacitance- 
bias voltage dependence as an alloy junction. It, therefore 
appears that diffused junction diodes can be made which 
compare favorably with alloy diodes as far as their 
dependence of capacitance upon bias voltage is con- 
cerned and that the diffused narrow base diode can oper- 
ate at much higher frequencies because of its lower and 
better controlled series resistance. 

Of course one can obtain a very large change of capa~- 
citance with bias voltage if one is willing to operate in 
the forward bias region. Here the diffusion capacitance 
is the dominant term and there is an exponential depend- 
ence of the capacitance on bias voltage. If the forward 
current becomes appreciable the capacitive reactance 
decreases and finally becomes inductive.(4! One can avoid 
this condition by operating, in the case of silicon junctions, 
below about 0.4 of a volt. 


Appendix 


The distribution of impurities within the base region 
of a semiconductor of uniform impurity density No 
assuming a surface impurity concentration V, which 
falls off with depth below the surface according to the 
law N,f(x) is given by 

N(x) = N. f(x) — Na (20) 

The junction will be defined to be the point at which the 
net space charge density vanishes. That is, where 

Ps = gN(azj) = 0 (21) 

with x; the depth of the junction below the surface. This 

definition requires that at the junction f(x;) = Ni/Ns. 

Poisson’s equation shows that the maximum electric 
field occurs when 


dH 


dx 


d2V Ose 
aa 


This corresponds to f (x) = N,/N, and consequently from 
the above definition of junction depth the maximum 
electric field occurs at the junction. Since the field essen- 
tially vanishes outside the space charge layer it will 
appear somewhat as shown in Fig. 8. The nonsymmetrical 
distribution of the field about its maximum value is due 
to the fact that the charge density must initially be lower 
in the base than at the surface for a junction to form. 
The requirement of overall charge neutrality for the 
space charge layer then requires that it extend more 
deeply on the side of lower impurity density. 


(22) 
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Fig. 7—Dependence of capacitance on bias voltage for two 
limiting diffusion programs. 
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The capacitance per unit area of the space charge layer 


is given by 
2s vj 
é i ‘ee daca ya I ae 
é a Gh Oke 
C= 0/V.—Va = F = iS 


c 
i E(a)dx | E(ax)dx 
a a 
where Q is the total charge in the space charge layer on 
either side of the junction, V.—V. is the voltage drop 
across the space charge layer, a and ¢ are the boundaries 
of the space charge region and 2’ is some value of x 


¢ 
between a and c such that wH(2’) = / E(x)dz. Now 
; a 


e (xj) 
w E(2’) 


wH(zx’) is the area under the H(x) curve of Fig. 8. It will 
be equal to wH(a;) if # is constant, but this is impossible 
since constant H# implies dH /dx = 0 or os. = 0 which is 
contrary to the assumption of a finite space charge layer. 
Therefore, wH(x;) provides an upper limit to the area 
under the H(z) curve and in general E(«;)/H(«’) must be 
less than unity so that C,.>e/w. The assumption made 
in the article that the space charge layer capacitance per 
unit area is equal to «/W is, therefore, not strictly cor- 
rect. For the impurity distributions considered the 
abrupt and the linear graded junctions form limiting 
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Fig. 8—The electric field within the semiconductor diode | 
as a function of depth below the surface. 


cases and for these distributions the space charge layer ° 
capacitance per unit area is 2e/W and 3¢/2W, respec- - 
tively. The actual space charge layer capacitance will 
therefore be from 1.5 to 2 times the value assumed in 
the article. : 
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Solid State Physics At The National 


Bureau of Standards* 


Solid state research at the National Bureau of Standards is part of a general scientific 
effort to solve the puzzles posed by different materials. During the past 10 years, since 


the invention of the transistor, 


the demands of technology for new electronic semi- 


conducting devices have become more and more insistent. The Bureau helps meet this 
need by providing data on the basic properties of materials showing potentialities for 
practical application. 


ing materials and thus provide data needed for 
their effective application, the National Bureau 

of Standards conducts a program of solid state re- 
search sponsored in part by the Department of De- 
fense."! Such a program forms a vital part of the over- 
all scientific effort which has been brought to bear in 
the area of the solid state over the last few years. This 
branch of physics, seldom heard of as little as 15 years 


T O HELP SOLVE the problems posed by sermiconduct- 


*U.S. Department of Commerce, National Bureau of Standards, 

Washington, D.C. Summary Technical Report STR-2338, April 
1959. SEMICONDUCTOR PRODUCTS wishes to express its 
appreciation to the National Bureau of Standards for permis- 
sion to publish this report. 


ago, is now one of the most active fields in present-day 
science. Since the invention of the transistor in 1948, 
demands have continued to increase not only for new 
semiconducting materials but for a better understand- 
ing of available materials which will allow a wider 
scope of application. 

Although the technological application of semicon-_ 
ductors has played a great part in the rapid progress | 
made in solid state research, the basic aims of the field 
are of a more fundamental nature. Primarily, solid 
state physics attempts to interpret the physical prop- 
erties of matter in terms of the microscopic behavior 
of electrons, nuclei, and lattice vibrations. Advances 
toward this goal were first made during the thirties 
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Fig. 1—Semiconductor intermetallic compounds 
studied in the National Bureau of Standards 
Solid-State Physics Section. Increased knowledge 
thus obtained on the behavior of semiconducting 
surfaces is of great importance for improving the 
operation of devices such as transistors and 
photodetectors. Left: Oriented crystal of indium- 


antimony (InSb). Center: Indium-antimony 
sample (cut with cavitron) prepared for elasto- 
resistance measurements. Right: Cleaved and 
mounted specimen of magnesium-tin (Mg.Sn) 
for optical investigations. 


with the groundwork laid by Wilson and Sommerfeld 
for a quantum mechanical theory of electrons in crys- 
tals, and with the basis for understanding lattice prop- 
erties provided by Born’s work on crystal dynamics 
and Peierls’ introduction of the phonon (quantized 
lattice vibration) concept. Toward 1940, solid state 
physics came into its own, probing the characteristics 
of matter in terms of these new theories. 

The materials first investigated on the basis of elec- 
tron and lattice theories were germanium and silicon 
—the elements employed in the transistor. As the 
scope of investigation broadened, silicon power recti- 
fiers and voltage regulators, photodetectors for the 
infrared, and thermoelectric devices for power con- 
version or refrigeration were developed. Increased 
activity in solid state research at very low tempera- 
tures has more recently produced devices like the 
maser (a microwave amplifier) and the cryotron (a 
superconductive computer component). Studies of im- 
perfections, such as vacancies, interstitials, and dis- 
locations, have also pressed forward during the last 
ten years, and have recently made it possible to in- 
erease the strength of materials, especially metals. 
With the growing need for materials to withstand very 
high and very low temperatures, the results of such 
studies find immediate technological application. 

The program of research presently under way at the 
Bureau deals with the electrical, thermal, optical, 
mechanical, and magnetic properties of certain mate- 
rials. The behavior of these solids is studied by meas- 
uring either individual properties or combinations of 
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properties such as thermoelectric power and electro- 
striction. The data thus obtained lead to a better 
understanding of the factors that cause solids to ex- 
hibit particular characteristics, and also yield much 
information about the structure of the solid state. Such 
studies allow the potentialities of a material for prac- 
tical application to be evaluated. 

The Bureau has been involved in the general effort 
to arrive at an understanding of semiconducting solids 
since 1949, when work on the properties of rutile 
(TiO, in one of its crystalline forms) was initiated. 
These studies led to a better understanding of the elec- 
tronic behavior in rutile and eventually resulted in 
the development of a useful device, the titanium 
dioxide rectifier. 

In 1952, attention was turned to a new class of mate- 
rials, the III-V compounds—binaries formed between 
elements of the III-B and V-B columns of the periodic 
table. The Bureau was the first to undertake research 
on this group of new semiconductors. During the fol- 
lowing two years many crystals of aluminum anti- 
monide, gallium antimonide, and indium antimonide 
were prepared and their electrical and optical prop- 
erties investigated. Later on, this research was ex- 
tended to include studies of mechanical and magnetic 
behavior. InSb (indium antimonide) was shown to be 
an extremely interesting material for both basic re- 
search and for application to infrared photodetectors 
and galvanomagnetic devices. Consequently, appre- 
ciable effort is still devoted to InSb. 

Other materials studied during the last five years 
are magnesium-tin and semiconducting gray tin. Re- 
cently attention has again been focused on TiO, as 
a result of heightened interest in thermoelectric de- 
vices, which has stimulated the study of oxide semi- 
conductors, especially oxides of the transition metals. 


Fig. 2—Some typical crystals studied at the Na- 
tional Bureau of Standards. Left: A crystal of 
bismuth telluride; right: Three crystals of InSb. In 
its program of solid state research, the Bureau 
studies the electrical, thermal, optical, mechanical, 
and magnetic properties of semi-conductors in 
crystalline form to provide data needed for suc- 
cessful technological application. 
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Fig. 3—The National Bureau of Standards em- 
ploys nuclear magnetic resonance as a tool for 
the investigation of the solid state. A study of the 
absorption of energy by atomic nuclei in solids 
leads to an understanding of the local electric 
and magnetic fields which the nuclei experience. 
Sample is contained in a probe between the pole 
pieces of the large magnet (regulated power 
supply for magnet at left). The probe is con- 
nected through an oscillator circuit (small box), 
power supply, lock-in detector, and modulator 
(all in console) to a strip chart recorder. 


Titanium dioxide was chosen as a prototype of this 
class and also as an example of a high-temperature 
semiconductor. 

The program of research on the materials discussed 
can be broken down into the following projects: (1) 
Crystal growth and sample preparation; (2) measure- 
ment of electrical properties including conductivity, 
Hall effect, magnetoresistance, and thermoelectric 
power; (3) studies of optical absorption and photo- 
conductivity; (4) determinations of the lifetime of 
optically excited charge carriers; (5) measurements 
of the mechanical and electromechanical properties, 
which include elastic constants, anelastic effects, piezo- 
resistivity, and piezoelectric effects; (6) studies of 
nuclear magnetic resonance; and (7) further develop- 
ment of solid state theory. 


Crystal Growth and Purification 


As solid state materials are evaluated on the basis 
of electron and lattice theories, they must be studied 
in their crystalline form. Therefore, crystal growth 
and purification are a vital part of the Bureau’s solid 
state research program. (Crystals of the III-V com- 
pounds are prepared by the Kyropoulos technique in 
which a seed crystal is immersed in a melt and then 
slowly removed. In this way, a large crystal is formed. 
During the last four years, over 100 crystals of InSb, 
mostly monocrystalline, have been grown by this tech- 
nique. 

To obtain information about the structure of the 
solid state, it is often necessary to have pure materials 


Fig. 4—Automatic zone melter recently con- 
structed at the National Bureau of Standards. 
This device is used at the Bureau to obtain ex- 
tremely high purity in semiconducting materials. 
Center: Water-cooled radio-frequency work coil 
used to melt the solid material to be purified. The 
coil surrounds a carbon boat which holds the bar 
of material. The driving motor and the return 
motor are on the right and left, respectively. The 
box in the foreground contains the motor con- 
trols. 


or materials with known contamination or doping. 
Therefore, before the final crystal growth, the crystal- 


forming substance is purified by the zone melting — 


technique,”! in which molten zones move through the 
substance leaving a purer material in their wake. 
Indium antimonide with purities as high as 10 and 
10” impurities per cc (i.e. to 10 parts in 108) has been 
obtained with this method. 


Electrical Property Measurements 


The first measurements made on each new conduct- 


ing crystal are of an electrical nature. Conductivity is 
of primary interest and is determined from the po- 
tential drop along a sample of rectangular shape. 
Additional information is then obtained by studying 
the Hall effect—the emf set up by the migration of 
charge carriers in a current-carrying conductor sub- 
jected to a magnetic field at right angles to the direc- 
tion of the current flow. The sign of the Hall coefficient 
distinguishes between n- and p-type semiconductors; 
in the former, the current is carried by negative 
charges or electrons, while in the latter the conduction 
is due to positive carriers or holes (missing electrons). 
A third property investigated is the thermoelectric 
effect—the voltage between two ends of a specimen 
kept at different temperatures. 

From the variation of these quantities with tem- 
perature, it is possible to obtain the information 
needed to understand the mechanism of conduction 
in the crystal and to evaluate the material for use in 
practical electronic devices. This information includes 
(1) intrinsic and extrinsic energy gaps, (2) number 
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/holes. Measurements of the conductivity, Hall effect, 
,and thermoelectric power are made down to liquid 
» helium temperatures, as are most of the other property 
-mneasurements on semi-conductors. Conductivity and 
thermoelectric power have been determined up to 
~ 1000°C. 

Conductivity and Hall effect measurements on the 
_IlIl-V compounds have shown that this group of mate- 
rials displays widely differing properties. Energy gaps 
range from 3.0 ev to 0.16 ev, and mobilities from 10? 
em’/volt-sec to 10° cm?/volt-sec. As a material can 
j usually be found which has properties tailored to a 
j particular application, this class of compound is very 
/ important. 

In the course of electrical property investigations at 
the Bureau, several phenomena of fundamental im- 
/ portance have been discovered. For example, during 
a measurement of the magnetoresistance of InSb as 
_a function of magnetic field H at liquid helium tem- 
perature, it was observed that its behavior was not 
quadratic in H as expected from classical considera- 
tions, but showed instead several oscillations.'*! Sub- 
sequent investigations indicated that these oscillations 
_ were periodic in 1/H. This phenomenon is closely as- 
» sociated with the oscillatory behavior of susceptibility, 
which has been observed in several metals and is 
known as the deHaas-Van Alphen effect. The effect 
* occurs when the electron mean free path becomes a 
circular orbit. Under these circumstances, quantiza- 
tion of the electron orbits must be taken into account; 
the electronic energy states become discrete and pro- 
duce oscillations in the diamagnetic and transport 
* properties. 


Optical Measurements 


The present interest in employing semiconductors 

as infrared photodetectors requires a better under- 
standing of the principles of the photoconductive proc- 
ess and information on new materials. To provide 
these data, which are essential for extending the ap- 
plication and reliability of detectors in the infrared, 
the Bureau measures absorption spectra and photo- 
conductivity.) These investigations are carried out 
as a function of temperature, and interest is mainly 
_ focused on the infrared region. Some of the materials 
' that have been studied are gallium antimonide, cad- 
mium antimonide, indium antimonide and magnesium- 
_ tin; the intrinsic absorption edges of these substances 
lie in the 1 to 7u wavelength range. 
_ Recently an investigation of the photoconductive 
' response of copper-doped InSb showed that fairly 
large photosignals can be obtained at liquid helium 
temperatures in the far infrared range up to 30. In- 
teresting quenching effects were found in n-type InSb 
containing a slight amount of copper impurity. 


Carrier Lifetime Studies 


Carrier life-time t—the length of time that an elec- 
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Fig. 5—Schematic diagram illustrating the photo- 
electromagnetic effect. The charge carriers are 
produced by the incident light I and deflected by 
the magnetic field B, perpendicular to the plane 
of the paper. The resulting current is in the di- 
rection of I. As the photoconductive signal and 
the current are directly related to the carrier life- 
time, the National Bureau of Standards uses this 
effect to study the conduction process in certain 
semiconducting materials. 
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Fig. 6—Apparatus employed by the National Bu- 
reau of Standards in the composite oscillator 
technique of solid state research. The quartz crys- 
tal transducer which drives the sample is kept at 
room temperature; a fused quartz rod connects it 
with the specimen. Measurements of the relaxa- 
tion peaks and attenuations can be related to dis- 
locations, vacancies, interstitials, and chemical 
impurities in the sample. Investigations ef this 
kind have been made on InSb up to its melting 
point (523 °C). 


—Brass Roc (2 eauai'y spaced) 
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Fig. 7—The National Bureau of Standards has 
found that the resistance of n-type InSb as a 
function of magnetic field strength at liquid 
helium temperatures shows an oscillatory be- 
havior. The magnetoresistance Ao /e, and the Hall 
coefficient determined for this material at 1.7°K 
are shown. The magnetoresistive effect, even at 
room temperature, is considerably larger than in 
other solids. This high magnetoresistance as well 
as the Hall effect can be utilized in constructing 
such devices as magnetometers, gyrators, and 
low-frequency amplifiers. 


DEE 


Fig. 8—The III-V binaries, semiconductors under 
study at the National Bureau of Standards, have 
a zinc blende crystal structure. This is a sym- 
metrical structure in which atoms of both ele- 
ments are located at the corners and at the cen- 
ters of the faces of a cube. Two of these materials, 
InAs and InSb, show promise as infrared photo- 
detectors. 


tron (or hole) takes part in the conduction process 
before recombining with a hole (or electron) in the 
valence (or conduction) band—is one of the majov 
parameters governing the conduction process in solids. 
Its numerical value is therefore of great importance i 
evaluating materials for application as rectifiers, tran 
sistors, and photodetectors. The Bureau carries outi 
studies of carrier lifetime which, in addition to fur- 
nishing a critical value, provide a means of investi- 
gating the recombination and trapping processes in 
crystals. . 

Values of lifetimes are derived from measurements 
of the photoconductivity and the photoelectromagnetic 
effect. The photoelectromagnetic effect is a kind ofi 
Hall effect in which the charge carriers are produced: 
by incident light and deflected in the sample by a 
magnetic field. The current is perpendicular to both: 
the incident radiation and the field. It is proportional | 


to \/t, while the photoconductive signal is proportional | 
to t. Hence the value of the lifetime is obtained di- 
rectly from the ratio of the two signals. 


Mechanical and Electromechanical Studies 


The Bureau investigates the basic nature of semi-- 
conductors by obtaining data on the mechanical prop- - 
erties of crystals. This information is also essential for * 
the effective application of the semiconducting mate- - 
rials. 

The mechanical behavior of semiconductors can be : 
studied by means of several different experiments, , 
some giving information about the state of the lattice + 
and others about the electron assembly. An example » 
of the former is a determination of the elastic con- 
stants.'°! These constants have been measured on 
single crystals of indium antimonide and the results 
were correlated with optical and thermal data. It ap- 
pears that the values of the elastic constants are in- 
dicative of the partly ionic character of this compound. 

Other experiments depend on the interaction of the 
lattice structure and the outer electrons. A recent 
measurement of the resistivity of n- and p-type InSb 
under the influence of tensile stress has confirmed the 
energy band structure of this material. 

The study of internal friction is very well suited 
to investigations of imperfections. The temperature or _ 
frequency dependence of the mechanical damping 
often reveals relaxation peaks and attenuations, which 
can be related to dislocations, vacancies, interstitials, 
chemical impurities, and other irregularities. Some 
measurements of this kind have been made on InSb 
up to the melting point (523°C). The experimental 
method used was the composite oscillator technique 
in which the sample is driven by a quartz transducer. 


Similar measurements on TiO, have recently been 
started. 


Nuclear Magnetic Resonance 


Since its discovery 13 years ago, nuclear magnetic 
resonance has proved to be one of the most useful 
techniques for studying solids. The Bureau makes use 
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of this method to investigate defects and impurities in 
semiconducting materials. The solid being studied is 
contained in the coil of a resonant circuit between the 
poles of an electromagnet. As the circuit is tuned 
i through its resonant frequency, the nuclei in the 
- switch from one orientation to another with a 
‘net absorption of energy. The relaxation time—the 
+time nuclei remain in the higher energy state—is 
i measured by pulse equipment. 
_ This series of investigations was initiated in 1956 
i with the determination of the temperature dependence 
of the spin-lattice relaxation time in sodium chloride. 
| During the past year, emphasis has been placed on 
: the spin-lattice interaction in aluminum antimonide 
# as deduced from the resonance of the aluminum nu- 
| clear spin. 


Development of Theory 


_ The experimental work carried out at the Bureau 
»has been designed to cover a wide area of physical 
» measurements. In this way investigations form a net- 
, work of closely connected approaches to the under- 
» standing of the electronic and lattice structure of par- 
ticular solids. To this end, the data provided for the 
» development of new devices and improved engineering 
® materials are complemented by the formulation of 
§ theories. For example, experimental studies have re- 
» sulted in a theory for transport phenomena in a strong 
= magnetic field, and in a better understanding of the 
} electronic energy-band scheme of TiO, containing 
» vacancies or impurities. 
Future research in solid state physics at the Bureau 
\ will continue to concentrate on a few materials in 
» working toward more complete data and adequate 
» theories to describe observed phenomena. For ex- 
§ ample, during the coming year TiO, will receive par- 
) ticular emphasis; electrical, optical, and magnetic in- 
» vestigations of this material will provide valuable in- 
)} formation concerning the role of impurities in the 
* conduction mechanism. By studying a single material 
» from several different angles in this way, the Bureau 
) will continue to fulfill its basic function of supplying 
) materials data while also providing a basis for the 
1 development of new devices and better engineering 
» materials. 


References 


} [1] For a description of early research at NBS, see Solid State 
Electronics, NBS Tech. News Bul. 35, 22 (February 1951). 

[2] Zone Melting Apparatus, NBS Tech. News Bul. 39, 81 
(June 1955). 

[3] Galvanomagnetic Effects in n-type Indium Antimonide, by 
H. P. R. Frederikse and W. R. Hosler, Phys. Rev. 108, 1136 
(1957). 

[4] Photoeffects in Intermetallic Compounds, by H. P. R. 
Frederikse and R. F. Blunt, Proc. IRE 43, 1828 (1955). 

[5] Elastic Moduli of Indium Antimonide, by R. F. Potter, 
Phys. Rev. 103, 47 (1956). 


SEMICONDUCTOR PRODUCTS @ NOVEMBER 1959 


Fig. 9—Model of titanium dioxide in the crystal- 
line form of rutile—a material currently under 
study at NBS. This material can be made semi- 
conducting by the addition of foreign ions or loss 
of oxygen (represented by the light balls). It is 
representative of a class of oxide semiconductors, 
which exhibit properties showing promise for 
thermoelectric devices. 


Fig. 10—Furnace used at the National Bureau of 
Standards to grow crystals by the Kyropolos 
technique. The coil surrounding the vacuum 
chamber provides a temperature sufficient to 
keep the metal in the small cup molten. As a seed 
crystal is removed very slowly from the melt, the 
metal adhering to it reaches the melting point 
and starts to solidify, forming a large single 
erystal. 
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Transistor Dissipation Ratings for 
Pulse and Switching Service; Radio 
Corporation of America, Somerville, N.J. 


The permissible dissipation of a tran- 
sistor is determined by the maximum 
permissible temperature of its collector 
junction (usually given in published 
data as “Maximum Storage Tempera- 
ture”). Published maximum-dissipation 
ratings for RCA transistors are for class 
A or class B operation with signals 
having sinusoidal waveforms. These 
ratings do not apply for pulse or 
switching service. 

When a transistor is used in pulse or 
switching service its instantaneous dis- 
sipation may greatly exceed its class A 
or class B dissipation rating, depending 
upon the pulse width and pulse-repeti- 
tion rate employed. The resulting rise 
in collector-junction temperature de- 
pends upon the thermal time constant 
and thermal resistance of the transistor, 
and may easily be great enough to de- 
stroy the transistor unless the peak dis- 
sipation is limited to a safe value. 
Because it is impractical to give maxi- 
mum-peak dissipation values for all 
possible combinations of pulse width 
and duty cycle in the published data 
for a transistor, the value for a specific 
pulse or switching application must be 
determined by the circuit designer. 


Determination of Permissible Dissipation 


To help circuit designers determine 
these peak-dissipation values, this Note 
gives the maximum permissible collec- 
tor-junction temperatures, typical ther- 
mal resistances of 39 RCA transistor 
types specially designed for or fre- 
quently used in pulse and switching 
service. 

When a power pulse is applied to a 
transistor the resulting change in the 
temperature of the collector junction 
is determined by the pulse amplitude 
and width, and by the thermal time 
constant and thermal resistance of the 
transistor. The junction temperature is 
a maximum at the termination of the 
pulse and reaches its minimum value 
during the interval after the pulse has 
been removed. The junction tempera- 
ture at any instant during the applied 
pulse is given by Eq. 1. 

The temperature to which the junc- 
tion cools after the pulse has been re- 
moved is given by Eq. 2. AT; (max) is 
the difference between the maximum 
temperature reached by the junction 
during the pulse and the ambient tem- 
perature [Tj,(t) — T.] 

With repeated pulses the maximum 
temperature of the collector junction 
approaches the limit given by Eq. (3). 

The maximum rise in junction tem- 
perature in normalized form is given 
by Eq. (4). 
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where t, and R, are, respectively, the 
thermal time constant of the transistor 
and the thermal resistance between the 


collector junction and the transistor 
case. 


(3), 


: An Introduction To Parametric Ampli- 
fiers; J. Ekiss, Lansdale Tube Co., Lans- 
| dale, Pa. 


Recent theoretical and experimental 

investigations have led to the develop- 
» ment of a new class of amplifiers for 
}use in the uhf and microwave region. 
' Various names of which parametric 
amplifier, reactance amplifier, varactor, 
»and MAVAR (for mixer amplification 
by variable reactance or modulator am- 
plifiers using variable reactance) are 
/ representative, have been used in the 
literature to describe these amplifiers. 
| Apparently the term parametric ampli- 
_ fier has gained much popularity so that 
, that name will be used here. 
This report, the first in a series, is a 
result of a literature survey which is 
_ being carried out to learn more about 
the field of parametric amplifiers. This 
note, introductory in nature, will serve 
to provide: 

(1) a short history of the develop- 

ment of parametric amplifiers, 

(2) the fundamental principles upon 
which parametric amplification is 
based, 

(3) a description of the various types 
of parametric amplifiers, 

(4) the results of recent experimental 
work as described in the litera- 
ture as regards diode-type am- 
plifiers, and 

(5) a fairly detailed bibliography of 
books, articles, and papers per- 
taining to parametric amplifiers. 


| Types of Parametric Amplifiers. 


' Parametric Amplifiers may be classi- 
+ fied according to whether the nonlinear 
» reactance is a “lumped parameter” or a 
/ “distributed parameter.” This classifica- 
tion may be further broken down by 
| typifying the manner in which the non- 
linear reactance is obtained. 

_ A. Lumped Parameter Amplifiers 

1. Ferrite version: 

In this type of amplifier a ferro- 
magnetic material is used to provide 
a nonlinear inductance; i.e., an in- 
ductance in which the flux linkage 
is a nonlinear function of the current 
is used as the reactive element. 

2. Diode version: 

In this amplifier the nonlinear 
capactance of a reverse-biased, semi- 
conductor diode is used as the reac- 
tive element. 
| B. Distributed Parameter Amplifiers 
1. Traveling-wave ferrimagnetic am- 
plifier. 


A Survey of Some Circuit Applications 
of the Silicon Controlled Switch and 
the Silicon Controlled Rectifier; Solid 
State Products Inc., Salem, Mass. 

The PNPN silicon controlled switch is 


A recent theoretical investigation 
by Tien and Suhl has led to the 
proposal for a new type of para- 
metric amplifier. In one form the 
amplifier consists of two transmis- 
sion lines embedded in a ferrite ma- 
terial. The coupling between the two 
lines is varied (with time and dis- 
tance along the line) by the local 
oscillator. The distributed coupling 
may be thought of as a coupling be- 
tween nonlinear inductors. 

2. Electron Beam Versions 

At present there appear to be 
two forms of electron beam para- 
metric amplifiers. 

a. An electron beam may be used 
to produce an effective admittance 
in a microwave cavity. By proper 
adjustment of the cavity, a pure sus- 
ceptance may be produced. If the 
electron beam is then modulated by 
a local oscillator, the susceptance 
will vary at a rate determined by 
the local oscillator frequency. If the 
local oscillator frequency is equal 
to twice the signal frequency, a 
negative conductance will be intro- 
duced into the signal cavity. Ampli- 
fication of the signal may then take 
place. 

b. The other type of electron beam 
parametric amplifier makes use of 
the long-known fact that space- 
charge waves may be propagated 
(with no attenuation) along an elec- 
tron beam. Let a d-c electron beam 
be modulated by a signal of fre- 
quency ,. Then one may show that 
two svace charge waves will propa- 
gate along the beam. One wave will 
be a “fast wave” and the other a 
“slow wave.” If the electron beam is 
simultaneously modulated by a pump 
of frequency 2@,, then the fast wave 
(which varies at the signal fre- 
quency) may be made to increase 
exponentially with distance along 
the beam. By coupling to this fast 
wave at a suitable point along the 
beam, the amplified signal may be 
extracted. One feature of this type 
of amplifier is that the noise content 
of the input signal may (by proper 
loading of the input cavity) be 
eliminated. Hence, very low noise 
figures (in the order of 1 db) may 
be expected. 
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control signal. It will then remain on 
without the need for sustaining control 
signal. The controlled switch is turned 
off by reducing its anode current to 
[Continued on page 64] 
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tions in Gold-Doped Silicon 


The DOFL Microelectronics Pro- 
gram 


Naval Ordnance and Electronics 
Research 
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Power is a prime consideration in battery-operated port- 
able TV receivers. For this reason a-c coupling with its 
lower power requirements is considered an important 
objective. 


A 3-transistor amplifier is described. Choice of transistors, 
design of output stage, AGC and traps are discussed. 


It is found that in higher voltages the half-power f is very 
dependent on voltage as well as load resistance, carrier 
lifetime and reverse saturation current. 


It is found that all the noise may be accounted for by 
associating a noise-current generator with each of the 
conductances appearing in the lumped model. 


Numerical calculations have been carried out for the 
saturation voltage, base input voltage, and d-c current 
amplification factor for different geometrics and material 
properties. 


A design theory is presented with emphasis on the effect 
of surface recombination and transistor geometry. 


The diffusion equation is solved, and an analytic expres- 
sion for the d-c amplification factor is presented in terms 
of arbitrary bulk lifetime and _ surface-recombination 
velocity and the geometry of the transistor. 


A method is described for fabricating a high-power silicon 
transistor capable of operating at case temperatures ex- 
ceeding 100°C. 


A two dimensional analysis of high-level transistor opera- 
tion is presented which includes extended base region and 
other pertinent effects. 


References have been classified as: General. Effects of 
Electric Fields in Solids. E-L in Zine Sulfide. E-L in other 
materals. Field effects in Excited Phosphors. Galvano- 
luminescence. 


Physical principles review and a qualitative explanation 
is given of the variable capacitance effect in semicon- 
ductor diodes. 


The work functions of a number of commercial grade 
silicon-carbide crystals have been obtained in high 
vacuum. 


Use is made of the principle of virtual work to make a 
calculation of the form effect as dependent upon the in- 
tensity of magnetization. 


The figure of merit for a single stage Peltier heat pump 
is optimized in the region of partial Fermi degeneracy. 


Induced conductivity in CdS crystals produced by elec- 
tron bombardment (cathodoconductivity) and the asso- 
ciated x-ray production have been studied. 


A solution of the continuity equations is obtained for the 
space charge distribution by making certain assumptions. 


Large reversible variations in carrier concentration, Hall 
mobility, and carrier lifetime have been produced in InAs 
by heat treatment. 


The theory of operation, construction, and performance 
data of an infrared detector based on the PEM effect in 
InSb are presented. 


It is shown that a Zn vacancy is involved, and that the 
spectrum depends on the occupancy by a coactivator at 
the Zn or S site near the vacancy. 


A process for producing the localized emitter structure is 
described employing the masking property of SiOz against 
the subsequent phosphorus diffusion. 


Measurements of surface properties of ZnO crystals were 
made at 300°K both in dry Oz and in high vacuum. 


In this paper the authors propose two analytical functions 
which make the integrals appearing in transport theory 
readily integrable. 


The theory of the hot-electron problem in many-valley 
semiconductors based upon the individual ellipsoidal 
energy surface model is extended. 


Investigations were made at wavelengths extending from 
the intrinsic absorption edge to about 152 microns using 
polarized radiation. 


Consideration in detail of the thermoluminescence arising 
ere thermal bleaching of F-centers in irradiated alkali 
alides. 


Characteristics have been studied at temperatures between 
~1°K and room temperature and in magnetic fields up to 
30 kilogauss. 


Determined by applying an electric field and measuring 
the amplitude of the pulses produced by a-particles. 


Fourteen-component-part transistorized binary counters 
were fabricated on 12 inch squares of steatite ceramic, 
1/50 inch in thickness. Useful techniques are discussed. 


Two programs of electronics research are reviewed. These 
are photoconductor research and polarity coincidence 
correlation. 
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AUTHORS 
TITLE SOURCE ABSTRACT 
i i i i i K. Brown 
i i i f-contained navigational aid for aircraft. R 
A Lightweight and Self-Contained ET eee ee ee In Part Eb ebb get en reo of the Radar a descrip- 1a Le Moody ah 
meuniere ev sestonaliSystern sit tion of the transistorized circuitry is given. This includes R J. Bib 
the modulator, I.F. amplifier, 3 mc detector, Janus am we Franklin 
plier, frequency tracker, power supplies, and regulators. cB it Ganton 
J. Mitchell 
: ; i icipated S. Asanabe 
ior i s Brit and R does not vary in accordance with anticipa : 
Chelinionte fotatad cout mating Mar 130° Oras curves during certain temperature variations. An explana- <A. Okazaki 
Compounds SnSe and GeSe tion is advanced. ae 
i i i i i i ence of space charge screening on election- . 
Cee Rg ee VF Fone 7988 oe trad aro a i a polar semiconductor is discussed. 
oe O. A. Weinreich | 
i i i in boundary sheet conductance of an_ n-type 
The Grain-Boundary Amplifier Proc. eee st alae Bee be modeiaiad by an applied electric field, z a . 
thereby leading to a grain-boundary amplifier. . ) 
i i Br i cribes the process by which material can be ; 
ee Sh ar May 1959 pape’ beet tatoo on into single crystals without a W. Bardsley 
crucible container. 
i j i i i S. Sherr 
ise in P- i i tor Prod ique type of noise when a p-n junction diode is Q 
ic ae aa aaa May 1999 "° ; een at ee onset of the avalanche region is studied. S. King 
, 5 Aas 3 eyes . i i t P. Kaufmann 
] f Impurity Distribu- Semiconductor Prod Four types of distributions were considered in the firs 
tions and their Relation to Elec- May 1959 article. In this installment the remaining six are cian deren G. Freedman 
trical Behavior of Conventional Performance qualities of each type are summarized in 
Transistor Constructions, Part 2 tabular form. 
i i i igati ine i B. Reich 
Performance of Transistors as Semiconductor Prod Results are presented of an investigation to determine ihe 
Tuned Power Amplifiers at VHF May 1959 power capability of transistors operating at 70-100 mc. W. Orloff 
A New Technique for Measuring Semiconductor Prod The measurement of transistor switching times is de- a B. johnson 


Transistor Switching Times 


Many-Electron Examination of the 
Hole Zone in Diamond-Type Crys- 
tals 


May 1959 


Sov Phys Sol State 
Vol 1 No 2 2/59 


scribed, and problems in present methods are discussed. 
The new method is explained. 


The parameters are developed on the basis of a com- 
parison of the results obtained with experimental data. 


R 
R. R. Painter 
E 


. I. Kaplunova 


On the Spin Mechanism of Re- Sov Phys Sol State The process of recombination of current carriers with Dee pons 
combination of Current Carriers Vol 1 No 2 2/59 transfer of the liberated energy to spin waves is discussed ; ruevic 
in Ferromagnetic Semiconductors order of magnitude of the capture cross section is esti- 
mated. 
On the Impurity Conduction in Sov Phys Sol State Results suggest that in amorphous semiconductors the I. Z. Fisher 


Liquid and Amorphous Semicon- 
ductors 


The Relationship between Elec- 
trical Conductivity and Electron 
Density Distribution in Germa- 
nium Crystals 


mis, | 
The Application of the Photomag- 
netoelectric Effect to the Measure- 
ment of Surfaee Recombination 
Velocity 


Vol 1 No 2 2/59 
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Vol 1 No 2 2/59 
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mechanism of impurity conduction does not work. This 
paper suggests ideas which will help to understand this 
property. 


A comparison was made of the x-ray reflection intensi- 
ties of germanium crystal of different conductivity at 
various temperatures, and the results interpreted. 


The method consists of compensating the PME voltage by 
the photo-conductivity voltage. 


Yu. N. Shuvalov 


T. I. Galkinu 


Electrical Properties and Structure Sov Phys Sol State The importance of Manganese cations in the conductivity I. T. Sheftel’ > 
of Compound Oxide Semiconduc- Vol 1 No 2 2/59 of these materials is explained on the basis of new con- A. I. Zaslavskii 
tors. 1. MnO- CuO CoO- O2 Sys- ductivity mechanism concepts. E. V. Kurlina 
tem G. N. Tekster- 
Proskuryakova 

Zone Melting of Silicon with an Sov Phys Sol State Description of an apparatus capable of creating a molten V. Gusa 
Electron Beam Vol 1 No 2 2/59 zone in silicon by direct election bombardment of the I. Krzhizh 

material to be purified. I. Ladnar 
Crucible-Less Evaporation of Sili- | Sov Phys Sol State Electron bombardment is used. A diagram and an ex-  R. M. Voitenko 
con Vol 1 No 2 2/59 ternal view of the apparatus is shown, and a description TT. N. Dvnaeva 

is given. E. A. Kolenko 
The Electric Double Layer and the Sov Phys Sol State The general case of a contact between a semiconductor V. B. Sandomerski 
Adhesion of Solids Vol 1 No 2 2/59 and a metal are considered. Results may be of interest V. P. Snulga 

in connection with the manufacture of photoelectric cells 

and junction transistors. 
Silicon Transistors US Govt Res Reports Objectives attained have made possible the solving of S. Barnes 

May 15 1959 many of the technical problems involved in the manu- M. Becher 
facture of silicon devices. Summary of theory, research, et al 


Component Evaluation and Speci- 
fication Engineering. Task XX; 
Electrical - Indicating - Instrument 
Rectifiers 


U S Govt Res Reports 
May 15 1959 
LC $12.30 PB 136293 


and development is presented. 


Large variety of assemblies were investigated. Semi- 
conducting elements represented were silicon, germanium, 
selenium and copper oxide. Investigations on effects of 
temperature, frequency, thermal cycling, moisture-re- 
sistance cycling, and shelf-life storage. 


L. H. Stember Jr. 


Feedback _ Amplifier Design by US Govt Res Reports It is shown that by the introduction of unilateral forward L. M. Vallese 
Forward Equivalent Circuits May 15 1959 equivalent circuit representations the analysis of feed- 

LC $7.80 PB 136276 back amplifiers is greatly simplified. 
Use of Parallel Thermocouples in U S Govt Res Reports The use of parallel thermocouples in turbojet engines is A. I. Dahl 
Turbojet Engines May 15 1959 desirable because such networks continue to faaieate E. F. Fiock 


Weighing Errors in Thermocouple 
Harnesses 


Investigations of Surface Proper- 


LC $4.80 PB 137258 
U S Govt Res Reports 
May 15 1959 

LC $9.30 PB 137770 


U S Govt Res Reports 


temperature until the last junction fails. 

The electrical characteristics of ladder-type thermo- 
couple harnesses are described in general terms, followed 
by detailed analysis of several circuits. 


The low-energy electron 


G. F. Blackburn 


Beg EOS TEBE rose elaaabenen tne cdg aeguenlihe Sinan FB Buon 
ships in Silicon Single Cxeiation- U.S Govt Res Reports tor Shain dpe Hon of the pitzebivchiaeeed oresgaren A. A. Giardini 
LC $3.30 PB 136086 monocrystals. Report covers 11/1/56-1/31/57. 
ESE eS na) Reece ese as oe Seesetace 136085 Quarterly Progress Report No. 3 5/1-7/31 
a Purification of May ee Reports eieear eh RSI, prepared in the furnace by either D. P. Enright 


the elements or by reacting 
arsenic vapor with molten indium. Properties of indi 
arsenide are presented. > ee 
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PATENT REVIEW* 


Compiled by SIDNEY MARSHALL 


Semiconductor Devices, Fabrication Techniques and Processes, 


and Circuits and Applications 


; 
The abstracts appearing in this issue cover the inventions relevant to semiconductors from 
: Jan. 1, 1957 to Mar. 26, 1957. In subsequent issues, patents issued from Dec. 25, 1956 to date 
will be presented in a similar manner. After bringing these abstracts up to date, PATENT 
Review will appear periodically, the treatment given to each item being more detailed. 


1,176,367 Photon Modulation in Semicon- 
ductors—K. Lehovec. Assignee: United 
States of America (Dept of the Army). A 
hotomodulator comprising a unitary 
srystalline matrix including substantial 
“mounts of germanium and silicon sepa- 
tated by a continuous n-p barrier. 


1,776,372 Stabilized Transistor Oscillator— 
!. Ensink, J. Verhagen. Assignee: Hart- 
‘ord National Bank and Trust Company. 
\ frequency stabilized oscillator system 
aving a transistor amplifier comprising 
mput and output circuits, and a bridge 
‘irecuit comprising a series resonant cir- 
uit and a voltage responsive variable 
istance element, said bridge circuit 
aving an impedance approximating the 
mput impedance of said transistor ampli- 


ecurrence of a voltage pulse developed 
icross an inductive element for increas- 
g the emitter current to the saturation 
evel during a portion of said pulse, and 
i resistive element in the path of emitter 
irrent flow for determining the magni- 
ude of said flow. 


1,776,379 Constant Frequency Power Sup- 
sly—W. E. Sargeant. Assignee: General 
Votors Corporation. The combination 
With a source of power of varying fre- 
quency of control apparatus for convert- 
g input power of varying frequency to 
tput power of constant frequency. 


2,176,381 Multielectrode Semiconductor 
Sircuit Element—E. G. Baldwin. A de- 
vice comprising a cylindrical housing, a 
semiconductive wafer laterally supported 
herein, a pair of closely spaced elec- 
odes making point contact with one 
ide of said wafer, and a plurality of 
slectrodes making point contact with the 
other side of said wafer. 


1,776,382 Voltage and Current Regulation 
—J. L. Jensen. Assignee: Minneapolis- 
doneywell Regulator Company. A tran- 
istor voltage regulator circuit utilizing 
switching principles to increase limits 
and efficiency of transistor operation as a 
murrent control device. 


2,776,420 Transistor Indicator Circuits— 
d. J. Woll. Assignee: Radio Corporation 


*Source: Official Gazette of the U. S. Patent 
Dffice and Specifications and Drawings of 
‘Patents Issued by the U. S. Patent Office. 


of America. A device that provides a cir- 
cuit for coupling an incandescent lamp 
to a transistor trigger circuit wherein the 
operation of said trigger circuit is not 
adversely affected by said lamp. 


January 8, 1957 

2,777,057 Radiation Powered Transistor 
Circuits—J. I. Pankove. Assignee: Radio 
Corporation of America. A compact radi- 
ation powered radio receiving system 
with circuit means including a semicon- 
ductor device or transistor, a crystal rec- 
tifier and a tunable circuit. 


2,777,065 Negative Resistance Oscillator— 
R. L. Pritchard. Assignee: General Elec- 
tric Company. An oscillator comprising a 
semiconductor device on n-p-n type con- 
struction, said device including therein 
two broad area p-n junctions, and ap- 
propriate external circuit connections. 


2,777,092 Transistor Triggering Circuit—J. 
Mandelkorn. Assignee: United States of 
America (Dept of the Army). In com- 
bination: a thyratron, a pulse source 
means for triggering said thyratron, a 
point-contact transistor, and means in a 
circuit with the transistor’s collector 
electrode and the grid of the thyratron 
for producing a triggering pulse at said 
grid whereby said thyratron is fired only 
by an applied bias to the cathode of the 
tube. 


2,777,100 Rectifier Device—H. R. Ortega. 
Assignee: (Private Assignment). A plate 
type rectifier assembly utilizing a resili- 
ent spring coil in contact with the plates 
of said rectifier. 


2,777,101 Junction Transistor—J. Cohen. 
Assignee: United States of America 
(Dept of the Army). A transistor with an 
n-type base, a p-type emitter and an n- 
type collector, an intrinsic layer connect- 
ing said base to said collector to form a 
transistor having a base whose thickness 
is predetermined. 


January 15, 1957 

2,777,949 Crystal Diode for Microwaves— 
H. B. Haard. Assignee: Telefonaktiebo- 
laget, L. M. Ericsson. A crystal diode for 
use in connection with the mixing and 
detecting of microwaves of different 


lengths. 


2,777,950 Oscillator—J. A. Doremus. As- 
signee: Motorola Incorporated. An oscil- 
lator which operates at a predetermined 
frequency including a _ point-contact 
p-n-p transistor, an  electromechanical 
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device with a magnetic vibrating reed 
structure, a winding positioned about 
said structure, said winding providing 
feedback for sustaining oscillations in the 
circuit, and said electromechanical device 
being the sole frequency selective means 
in the circuit. 


2,717,956 Square Wave Generator—E. R. 
Kretzmer. Assignee: Bell Telephone Labo- 
ratories. A wave generator including a 
plurality of semiconductor asymmetri- 
cally conducting devices, said devices 
having a reverse conduction characteris- 
tic including a region of high resistance 
for applied voltages below a critical 
value, and a region of constant voltage 
with superimposed noise voltages above 
said critical voltage. 


2,777,974 Protection of Semiconductive De- 
vices by Gaseous Ambients. W. H. Brat- 
tain, C. G. Garrett. Assignee: Bell Tele- 
phone Laboratories. A device comprising 
a germanium body having contiguous 
zones of n-type and p-type material, an 
envelope and means for mounting the 
body in said envelope, and means for 
maintaining the p-type conductivity of 
the p-type zone consisting of an ambient 
atmosphere of oxygen sealed within said 
envelope. 


2,777,975 Cooling Device for Semiconduc- 
tive Elements—P. Aijigrain. Assignee: 
Compagnie Generale de Telegraphie Sans 
Fil. In combination: a semiconductor 
body having a terminal, at least one heat 
absorbing electrothermic couple in 
thermal and electrical contact with said 
body, said electrothermic couple having 
a terminal, said semiconductor being 
cooled by a current flowing between said 
terminals. 


2,777,979 Motor Controller—T. A. Hansen. 
Assignee: Teletype Corporation. In a 
control system for a motor having an 
auxiliary field winding, a source of 
energy, a pair of transistors, a source of 
alternating potential connected to the 
base electrodes of said transistors, and 
means for alternately energizing the 
transistors to supply energy from the 
source to the field windings. 


January 22, 1957 

2,778,885 Semiconductor Signal Translat- 
ing Devices—W. Shockley. Assignee: Bell 
Telephone Laboratories. A device com- 
prising a semiconductive body having 
therein an extended region of one con- 
ductivity type and a pair of zones of the 
opposite conductivity type on opposite 


45 


sides of a constricted portion of said ex- 
tended region, said pair of zones defining 
juxtaposed rectifying connections. 


2,778,942 Electrical Control Apparatus— 
R. J. Ehret, W. Moore Jr. Assignee: Min- 
neapolis-Honeywell Regulator Company. 
A vane control transistor oscillator hav- 
ing a resonant circuit in the base collector 
electrode path of the transistor, an in- 
ductive feedback to the emitter, and an 
asymmetrically conductive impedance in 
the base circuit as a means for establish- 
ing a biasing potential for the transistor. 


2,178,956 Semiconductor Signal Translat- 
ing Devices—G. C. Dacey, I. M. Ross. As- 
signee: Bell Telephone Laboratories. A 
device comprising a semiconductive body 
having a region of one conductivity type, 
source and drain connections, means 
contiguous with said region defining a 
rectifying junction therewith, means for 
reverse-biasing said junction, and means 
for enhancing minority carrier flow from 
the drain towards said junction. 


2,178,978 Multivibrator Load Circuit— 
G. G. Drew. Assignee: Bell Telephone 
Laboratories. In a multivibrator circuit, a 
pair of electronic devices comprising 
either electron tubes or transistors, and 
an electromagnetic relay individual to 
and operative as an active load for each 
device. 


2,178,980 High -Power Junction Semicon- 
ductor Device—R. N. Hall. Assignee: 
General Electric Company. A junction 
transistor comprising a wafer of semi- 
conductive material of one conductivity 
type, a first opposite conductivity type 
inducing electrode contacting one major 
surface of said wafer, a second electrode 
having a plurality of spaced apertures 
contacting the opposite major surface of 
said wafer, arid a third electrode com- 
prising a plurality of discrete junction 
type contacts. 


January 29, 1957 

2,779,134 Semiconductor Assembling Ap- 
paratus—P. E. Gates. Assignee: Sylvania 
Electric Products Inc. Apparatus for as- 
sembling a semiconductor element and a 
contact element in proper engagement, 
for sealing envelope portions together, 
thus completing an enclosing envelope, 
and for maintaining the elements in 
proper engagement. 


2,779,877 Multiple Junction Transistor Unit 
—K. Lehovic. Assignee: Sprague Electric 
Company. A semiconductor crystal of a 
grown symmetrical multiple junction 
structure having two fused junctions dis- 
posed inwardly from opposed surfaces of 
said crystal, said fused junctions present 
in an end region of conductivity of said 
multiple junction structure. 


2,779,901 Transistor Unit—G. R. Huard Jr. 
Assignee: Motorola Inc. A circuit element 
having a convex surfaced supporting 
member and a pair of electrically con- 
ductive sheets disposed on the convex 
surface in such a manner that they fit 
one another when the surface is flat and 
are spaced apart when the surface is in 
the convex form. 


2,779,902 Semiconductor Unit—D. V. Gep- 
pert. Assignee: Motorola Inc. A circuit 
element including a semiconductive block 
having a pair of mutually inclined faces, 
an insulating panel disposed ni a plane 
traversing the line of juncture of said 
faces, and at least one metallic surface 
having a corner in contact with said 
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block, said surface serving as an electrode 
for said block. 


2,779,903 Semiconductor Unit—G. V. Gev- 
pert. Assignee: Motorola Inc. A device 
including a semiconductive block having 
a pair of faces forming a line of juncture, 
and a pair of metallic plates inclined to 
one another, the edges of said plates 
being in point contact with said line of 
juncture of the faces of the semiconduc- 
tive block. 


2,779,922 Transistor Test Set—G. M. 
Davidson. Assignee: American Bosch 
Arma Corp. A device designed to deter- 
mine in a rapid manner with high accu- 
racy and with a minimum of apparatus 
the following junction transistor para- 
meters: emitter, base and collector re- 
sistances, and the amplification factor. 


February 5, 1957 

2,780,539 Process of Smelting Germanium 
—K. O. Seiler. Assignee: International 
Standard Electric Corporation. A process 
involving the treatment of a quartz cru- 
cible in order to form a thin film of 
amorphous carbon thereon, and the melt- 
ing of germanium within the crucible. 


2,780,569 Method of Making p-n Junction 
Semiconductor Units—C. W. Hewlett. As- 
signee: General Electric Company. A 
method involving the preparation of a 
monocrystalline germanium body having 
a trace of a donor impurity, and creating 
a coating of germanium and an acceptor 
impurity on said body by a process of 
evaporation and condensation. 


2,780,725 Modulator Demodulator Limiter 
Transistor Circuits—M. L. Johanson. As- 
signee: Boeing Airplane Company. A cir- 
cuit which may be operated directly from 
a single-ended source of modulation sig- 
nals to be imposed on a carrier wave, or 
from a single ended source of a modu- 
lated carrier wave to be demodulated. 


2,780,752 Semiconductor Network—R. W. 
Aldrich, J. S. Schaffner, J. J. Suran. As- 
signee: General Electric Company. Pro- 
vided is a control network having stabil- 
ity in the presence of wide changes in 
ambient temperature. 


2,780,757 Rectifier Structure—J. W. Thorn- 
hill, E. D. Jackson. Assignee: Texas In- 
struments Inc. A device comprising a 
rectifier unit, an annular resilient mem- 
ber attached to the top of said unit, cool- 
ing means at the bottom of said unit, 
means surrounding said unit so as to 
define an annular hermetically sealed 
space, means for mounting said assembly 
within a container. 


2,780,758 Dry Dise Rectifier Assemblies— 
R. H. Zetwo. Assignee: Westinghouse Air 
Brake Co. A rectifier assembly wherein 
the length of short lead-in wires and the 
effective lengths of the contact members 
for the cells are of sufficient total length 
to dissipate the heat of soldering opera- 
tions before the heat reaches the cell and 
adversely affects its characteristics. 


2,780,759 Semiconductor Rectifier Device 
—J. L. Boyer, A. P. Colaiaco. Assignee: 
Westinghouse Electric Corporation. A 
device comprising a semiconductor recti- 
fier cell, a metal support member in con- 
ductive contact with the cell, a flexible 
conductor connected to the other side of 


the cell, and gas-tight enclosing means 
for the cell. 


2,780,765 Solar Energy Converting Appa- 
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| 
ratus—D. M. Chapin, C. S. Fuller, G. i 
Pearson. Assignee: Bell Telephone Lak 
oratories. Apparatus for maintaining th 
charged condition of a storage batter 
through the utilization of solar radiatiox 
said apparatus comprising a storage bai 
tery, a photosensitive silicon junctid 
device, and a rectifier. 


2,780,767 Circuit Arrangement for Com 
verting a Low Voltage Into a High Di 
rect Voltage—P. J. Janssen. Assigne: 
Hartford National Bank and Trust Co: 
pany; An oscillator system energized = 
a low voltage source comprising a trax 
sistor, means for deriving high voltas 
pulses from said oscillator system, a res: 
tifier and a capacitor connected in serie’ 
and means coupled to the capacitor / 
deriving a high voltage therefrom. 


2,780,778 Phase Sensitive Strain Gage Arm 
plifier Rectifier Circuit—A. A. Root, H. 4 
Clark. Assignee: General Electric Corr 
pany. A rectifier circuit that is capab- 
of deriving a variable amplitude reverai 
ible polarity alternating electric signz 
for feedback purposes. 


2,780,782 Pulse Width Modulator—R. I 
Bright. Assignee: Westinghouse Electri 
Corporation. A transistorized pulse widt! 
modulator capable of producing succes 
sive output voltage pulses of alternati 
polarity. 


February 12, 1957 
2,781,448 Gating Circuit—W. C. Struver 
Assignee: U.S.A. (A.E.C.) A gating circui 
having opposed crystal diodes in combiz 
nation with a pair of vacuum tube con! 
trol members, said circuit having a low 
voltage level output. : 


2,781,480 Semiconductor Rectifiers—C. Vi 
Mueller. Assignee: Radio Corporation «} 
America. A rectifier device having | 
stacked array of rectifying units enclose 
in an insulating housing, a uniform coat 
ing of resistive material between sai_ 
unit and said housing, whereby the apy 
plied voltage is uniformly distribute: 
across each of said units. 


2,781,481 Eemiconductors and Method «© 
Making Same—L. D. Armstrong. Asi 
signee: Radio Corporation of Americz 
A device comprised of a wafer of n-typu| 
germanium, a metallic electrode fuzed t* 
the surface of said wafer and a p-n reo 
tifying junction disposed in said water 
adjacent to said electrode. 


2,782,259 Calling Subscriber Using Tran 
sistor Oscillator in Subsets—T. L. Di 
mond. Assignee: Bell Telephone Laboras| 
tories. In a party line system, a transistoa 
oscillator tuned to a different frequenc~ 
at each station, and means for individ# 
ually connecting each of said oscillator 
and a subscribers line. 


February 19, 1957 ; 
2,782,267 Push-Pull Transistor Amplifier 
J. W. Beck. Assignee: North American 
Aviation Inc. A two transistor circuit ini 
which each transistor has its own com: 
plete and separate d-c bias path but con 
tributes a-c output to a common outp 
terminal between which and a point o 
reference potential an output load ma 
be connected. 


2,782,268 Instantaneous Automatic Gait 
Control Amplifier—W. E. Ayer. As# 
signee: U.S.A. (Navy Department). / 
amplifier having an instantaneous auto 
matic gain control wherein the gain of ar 
amplifier stage is instantaneously varied 


:.. signal so that the output can re- 
nain constant while the input signal 


782, 303 Switching System—E. A. Gold- 
erg. Assignee: Radio Corporation of 
America. A diode switching system which 
liminates the effects of the capacitance 
ntroduced by the wiring of the diodes. 


782,344 Binary Reciproconductive Cir- 
suit—S. Sharin. Assignee: Radio Corpo- 
ation of America. A reciproconductive 
sircuit comprising two series subcircuits 
each having a dual-electrode glow dis- 
charge device, a resistive element, a rec- 
ifying device, and a capacitor intercou- 
gling the two subcircuits. 


1,182,346 Measuring Apparatus—H. E. Dar- 
ing. Assignee: The Foxboro Company. 
measuring system formed of passive 
alements and adapted for energization by 
mercial supply line power without 
he need for an oscillator to produce 
alternating current of a high frequency. 
; 
February 26, 1957 
1,783,168 Method for Preparing Rod-Shaped 
Crystalline Semiconductor Bodies — H. 
Sechweikert. Assignee: Siemens-Schuck- 
artwerke Aktiengesellschaft. A crystal 
dulling method of preparing a rod-shaped 
dlural-zoned monocrystalline semiconduc- 
tor body having adjacent zones of dif- 
ferent conductivity type. 


iconductor Devices—R. J. Herbert. 

ignee: General Electric Company. A 
nethod of removing the rectification bar- 
ier short circuit from the p-n junction 
of an impurity diffused semiconductor 
device including an impurity contact by 
nmersing said device in a water solu- 
m of an alkali hydroxide in spaced 
ation to an immersed electrode and 
plying a d-c voltage across the impu- 
ity contact and the electrode. 


ani Method of Making Broad Area 


783,380 Frequency Controlled Transistor 
Jscillator—T. H. Bonn. Assignee: Sperry 
Rand Corporation. An oscillator consist- 
g of a transformer, a pair of transis- 
sors coupled to a first winding, a variable 
sotential source coupled between the 
ansformer center tap and each of said 

ansistors, and means for changing the 
magnitude of 
source. 


said variable potential 


2,783,384 Electrical Inverter Circuits— 
L. Bright, G. H. Royer. Assignee: 
Vestinghouse Electric Corporation. An 
electrical inverter circuit including a 


ith a source of unidirectional voltage 
ith means for rendering the devices al- 
sernately conducting and non-conducting. 


783,417 Plug-In Rectifier Assembly—G. 
@annarino. Assignee: Sarkes Tarzian. A 
nounting arrangement for plug-in recti- 
fers wherein rectifiers of different sizes 
and terminal spacings may be selectively 
amployed with the same standard mount- 
arrangement and with a minimum of 
adjustment to confirm to different ter- 
minal spacings. 


2,783,418 Metal Rectifiers—L. Hurst, A. 
Langridge, B. J. Gumm. Assignee: West- 
inghouse Brake and Signal Company 
Ltd. An a-c rectifier consisting of a semi- 
conductive body, a cooling plate attached 
thereto, a tube for conveying coolant, and 

1eans for securing said cooling plate to 
said tube. 


2,783,419 Rectifier—S. S. Fry. Assignee: 
Fansteel Metallurgical Corp. A selenium 
rectifier comprising a carrier electrode, a 
counter electrode on opposite sides of a 
selenium layer, and a blocking layer 
composed of hydrixethyl] cellulose. 


2,783,423 Shaded Pole Motor Control Ap- 
paratus—J. W. Streater, W. J. Popowsky. 
Assignee: Minneapolis-Honeywell Regu- 
lator Company. An arrangement for em- 
ploying transistors as variable impedance 
elements for controlling the operation of 
a shaded pole motor. 


March 5, 1957 

2,784,121 Method of Fabricating Semicon- 
ductor Bodies For Translating Devices— 
C. S. Fuller. Assignee: Bell Telephone 
Laboratories. A method consisting of dif- 
fusing zine into a body of n-type ger- 
manium in order to form a p-n junction 
therein, gold-coating the surface of said 
body, and heating said body to a tem- 
perature of at least 500°C, but below that 
at which a change in the concentration 
gradient perpendicular to the junction 
occurs. 


2,784,262 Transistor Amplifier—R. P. Crow. 
Assignee: Motorola, Inc. A transistor unit 
for high quality distortionless signal am- 
plification, said amplifier having a push- 
pull amplifier circuit with single-ended 
output. 


2,784,296 Pulsing Apparatus For Semi- 
conductor Translating Devices—F. Wohl- 
man. Assignee: Hughes Aircraft Co. A 
pulsing apparatus including means for 
receiving, transporting, and _ handling 
semiconductor devices in a manner com- 
mensurate with desired handling char- 
acteristics necessary in connection with 
the delicate nature of the devices. 


2,784,300 Method of Fabricating An Elec- 
trical Connection—P. Zuk. Assignee: Bell 
Telephone Laboratories. A method of 
connecting a lead to a germanium body 
which consists of fusing a portion of said 
body and said lead to form an alloy but- 
ton on said body and mounting a plati- 
num wire in the central portion of said 
button. 


2,784,315 Transistor Pulse Oscillator—P. F. 
Moleman, J. P. Beyersberger. Assignee: 
Hartford National Bank & Trust Co. A 
circuit arrangement for producing peri- 
odic asymmetrical pulses of a width 
shorter than one half period of their 
repetition frequency. 


2,784,358 Rectifier and Method of Making 
It—J. H. Scoff, H. C. Theverev. Assignee: 
Bell Telephone Laboratories; An asym- 
metrical conducting device comprising a 
germanium body containing not more 
than .001 per-cent of arsenic or antimony 
donor impurity, and a point contact elec- 
trode. 


March 12, 1957 

2,784,478 Electroforming Semiconductor 
Devices—B. N. Slade. Assignee: Radio 
Corporation of America. A treatment for 
a transistor device comprising the steps 
of passing alternating current between 
the collector and the base for a prede- 
termined period, and then passing cur- 
rent pulses between the collector and the 
base while simultaneously passing a pre- 
determined current between the emitter 
and the base. 


2,784,479 Method of Manufacturing Recti- 
fier Plates in Multiple—J. A. Roberts. 
Assignee: General Electric Company. A 
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method consisting of coating a base plate 
with a selenium layer, forming a block- 
ing layer upon the selenium, applying a 
layer of insulating material in the form 
of bands, forming the counter-electrode, 
dividing the base plate along dividing 
lines within said bands in order to form 
a plurality of rectifying elements. 


2,785,095 Semiconductor Devices and 
Methods of Making Same—J. I. Pankove. 
Assignee: Radio Corporation of America. 
A device comprising a body of n-type 
germanium, a body of indium mixed with 
silicon oxide fused to a surface of said 
germanium body, and a p-n junction 
within said germanium body. 


2,785,096 Manufacture of Junction Con- 
taining Silicon Crystals—W. A. Adcock. 
Assignee: Texas Instruments Inc. A 
method of manufacturing silicon crystals 
by growing said crystals from a molten 
bath under conditions which will pro- 
duce a first layer of silicon having n-type 
conductivity, and a second layer of sili- 
con having a p-type conductivity. 


2,785,229 Line Circuit Using Transistors — 
A. H. Faulkner. Assignee: Automatic 
Electric Laboratories Inc. A line circuit 
for a telephone system in which semi- 
conductor devices are utilized for regis- 
tering calls and for performing switch- 
ing operations. 


2,785,236 Telephone Set With Amplifier— 
A. J. Chase. Assignee: Bell Telephone 
Laboratories. In a_ telephone system 
means for applying direct-current re- 
ceived from a central office to a tran- 
sistor amplifier in a telephone set. 


2,785,236 Transistor Amplifier for Al- 
ternating Current—R. L. Bright, R. O. 
Decker. Assignee: Westinghouse Electric 
Corporation. An alternating current am- 
plifying device having an output trans- 
former utilizing a magnetic core material 
having a rectangular loop hysteresis 
characteristic wherein the current con- 
duction control devices are protected 
against excessive current flow. 


2,785,349 Electric Semiconductor Devices 
—H. Wolfson, S. C. Shepard. Assignee: 
International Standard Electric Corpora- 
tion. A point contact semiconducting 
cartridge shaped rectifier. 


March 19, 1957 

2,786,166 Electric Unsymmetrical Conduc- 
tive Systems Particularly Dry Plate Rec- 
tifiers—S. Poganski. Assignee: Licentia 
Patent-Verwaltungs-G.m.b.H. A _ device 
having a first semiconductor, a pair of 
non-intrinsic semiconductor layers, a sec- 
ond intrinsic semiconductor, and two 
electrodes, one at each end of the four 
semiconducting layers. 


2,786,167 Blocking Layer Rectifier—L. A. 
Esseling. Assignee: North American Phil- 
ips Co. Inc. A rectifier assembly com- 
prising a hollow metallic envelope, an 
insulating holder mounted within said 
envelope and a plurality of rectifying 
elements mounted in the chamber of 
said holder. 


March 26, 1957 

2,786,750 Process of Recovering Germa- 
nium Containing Material From Coal— 
M. Inagaki. Assignee: Sogo Henkyujo 
Zaidan Hojin (Coal Research Institute) 
A Corporation of Japan. A method of 
recovering germanium containing mate- 
rial from gas liquor derived from car- 
bonization of germanium containing coal. 
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MARKET 


NEWS... 


Sales 


Factory sales of transistors during the first seven 
months of this year more than doubled the number sold 
this time last year, the Electronic Industries Association 
reported recently. Though sales dropped in July from the 
June level, sales were recorded over July 1958. 

The following EIA chart shows transistors sales during 
the January-July period this year compared with the 
like 1958 period: 


1959 
Units Dollars 

Jans 5,195,317 13,243,224 
Feb. 5,393,377 14,550,056 
March 6,310,286 18,117,569 
April 5,906,736 16,864,049 
May 6,358,097 19,007,293 
June 6,934,213 18,031,593 
July 6,030,265 15,618,315 

TOTAL 42,128,291 $115 432,090 

1959 
Units Dollars 

Jan. 2,955,247 6,704,383 
Feb. 3,106,708 6,806,562 
March 2,976,843 6,795,427 
April 2,856,234 7,025,547 
May 2,999,198 7,250,824 
June 3,558,094 8,262,343 
July 2,631,894 6,598,762 

TOTAL 21,084,218 $52,443,848 


The United States Department of Commerce in its Mid- 


year Review of the Electronic Industries expects the 
semiconductor output during 1959 to increase about 40% 
over 1958—from an estimated $210 million to over $300 
million. Semiconductor output (in dollars, is already dou- 
ble the total electron tube output of only a decade ago. 
Though the present magnitude of the industry will result 
in slower future growth rates, the inherent advantages of 


semiconductor devices have still been only partially ex- 
ploited. 


The United States Department of Commerce reports 
that Japanese output of semiconductors has gone from 
$10.7 million in 1957 to $24.5 million in 1958; production 
during the first quarter 1959 amounted to $11.5 million. 
The principal item in this group is transistors, of which 
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5.7 million units valued at $8.9 million were produce 
in 1957; 26.7 million units at $21.4 million in 1958; am 
15.0 million units at $9.9 million in the first quarter 193 


International General Electric Co., has ordered fray 
Toshiba Co., Japan a total of $2.2 million worth of trax 
sistors, transistor radios and receiving tubes for marke 
outside of the U.S. and Canada. 


Cornell-Dubilier is expecting more than 20 millic 
transistors from Toshiba Co., of Japan in 1960. 


Japanese manufacturers claim that more than 90% 
the transistors shipped to the U.S. so far have been us 
in the entertainment field. Several Japanese produce 
plan shortly to ship transistors to the U.S. earmarked fe 
industrial use. 


Distribution 


Fairchild Semiconductor Corp., has signed an agre 
ment with Schweber Electronics of Mineola, N.Y. to dis 
tribute their products. Schweber is Fairchild Semicon 
ductor’s first distributor. Agreements are expected to hy 
arranged shortly with distributors in other sections « 
the country. 


Texas Instruments Co., has named four European dis 
tributors. They are located in Copenhagen, Stockholr 
Paris and Zurick. 


U.S. Transistor has appointed Walter G. Reinha 
European Sales Manager with headquarters in Cologn’ 
Germany to direct the sale of their germanium arm 
silicon transistors through sales representatives in Gex 
many, Greece, France, Turkey, Belgium. England, Portu 
gal and Italy. 


New Companies 


Crystalonics, Inc., Cambridge, Mass., a semiconductc. 
firm formed last February, is now marketing its seco 
line of p-n-p transistors. The firm plans to move short 
to a 4,000 sq. ft. factory in Cambridge. 


red, Data Processing, Ferrite Controls, Digital Control 
Transistor Circuitry and to design and manufacture elec 
tronic measuring, counting and detecting devices. 


Prices 


General Electric Co., Syracuse, N.Y. has recently intr 
[Continued on page 54] 


COMING IN DECEMBER! 


BOUND VOLUME 


Proceedings of the 2nd Conference on Nuclear 
Radiation Effects on Semiconductor Devices, 
Materials and Circuits. 


Limited Edition of this Once-A-Year Symposium 
AVOID DISAPPOINTMENT — RESERVE YOUR COPIES NOW! Contains 
the Following 23 Papers, Complete With Illustrations, by the Foremost 
Authorities in the Field. Don't Miss Out on This Invaluable Information— 
Only $4.50 a Copy. 


The Nature of a Non-equilibrium Excess Conductance Induced in Silicon by 


ZE High Energy Electron Irradiation of Germanium and Silicon 
AAA 


Nucleon Irradiation 


CEA Transient Radiation Effects in Semiconductors 


A Positive lon Bombardment of Metals with Radioactive Kr-85 
Z@ Radiation Effects in Compound Semiconductors 

Zz Electron Irradiation Effects in CdS 

BZ Minority Carrier Lifetime of Neutron Bombarded Germanium 


RA Correlation of Theoretical and Experimental Behavior of Silicon Junction Diodes 
LEE During Neutron and Gamma Irradiation 


y 
opi 


My 
WV 


Study Directed Toward Improving the Radiation Tolerance of Silicon Diodes 


Preliminary Study of the Effects of Exposure of Electronics Components to 2-Mev 
Electrons and Other Kinds of Radiation 


LA 


Radiation Effects on Semiconductors 

The Effects of Nuclear Radiation on Some Selected Semiconductor Devices 
Semiconductor Devices as Charged Particle Detectors and Energy Spectrometers 
Gamma Irradiation Effects on Infrared Detectors 

On the Neutron Bombardment Reduction of Transistor Current Gain 

Analysis of Simple Rectifying and Magnetic Amplifier Circuits During Irradiation 
Transistor Circuit Behavior at Exposures Greater than 1015 Fast Neutrons/CM2 
Radiation Resistant Digital Computer Circuitry 

The Use of Diffused Junctions in Silicon as Fast Neutron Dosimeters 

A Transistor Scaler Circuit For A Megarad Gamma Ray Environment 

Problems of Correlating Radiation Environments 

The Effect of Intermittent Irradiation of the Magnetic Remanence of a Ferrite 


A Brief Resume of Radiation Effects on Semiconductor Materials and Devices 
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Silicon Rectifier Line 


Raytheon has announced a family of 18 
silicon rectifiers which provide design 
engineers with full versatility. Maintain- 
ing a 40 amp average rectified current 
even at room temperature, low reverse 
current ratings, and peak operating volt- 
ages through 600 volts, the new rectifiers 
are available in three mechanical con- 
figurations to meet varied applications. 
Six types have fully insulated mounting 
studs, six have studs connected to anode, 
and six have studs connected to cathode. 


Circle 86 on Reader Service Card 


Transistor Frequency 
Response (f,) Meter 

Molecular Electronics Inc. announces a 
unique instrument for the measurement 


of transistor frequency response, fy. 
Model F-20 covers the frequency range 
between 50 to 750 megacycles. Available 
in cabinet or for rack mounting. The 
equipment is self-contained, complete 
with batteries, and is adaptable for ex- 
ternal power supply operation. Direct 
reading, can be operated by unskilled 
personnel; small, lightweight, portable, 
and provides an extremely accurate in- 
dication of the transistor’s high fre- 
quency capabilities. Also available in 
lower frequency range models. 
Circle 110 on Reader Service Card 


Tiny Silicon Rectifier 


New silicon rectifier by Audio Devices 
is designed for a variety of applications in 
radio, TV, tape recorders and other elec- 
tronic instruments. Model E-5, a wafer- 
shaped 545” x 74,” dia. electrically in- 
sulated rectifier, is available with solder 
or plug-in connectors. Five models, rated 
at 100 PIV, 200 PIV, 300 PIV, 400 PIV and 
500 PIV each handle 750 ma with resistive 
load or 500 ma with capacitive load. 


Circle 96 on Reader Service Card 
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New Products 


Silicon Controlled Rectifier 


GE has announced a new line of silicon 
inverter-type controlled rectifiers spe- 
cifically designed for de to ac inversion, 
de static switching, pulse width modu- 
lation, power equipment frequency con- 
version, and current limiting circuit 
breaker use. They have a maximum 12- 
microsecond turn-off time at their highest 
rated junction temperature, peak inverse 
voltage ratings of 100, 150, 200, 250 and 
300 and are rated for operation in the 
junction temperature range from minus 
6beCs to plusm25°C: 


Circle 77 on Reader Service Card 


Medium-Power Transistors 


A new medium-power transistor series 
for applications in single-ended Class B 
drivers, output amplifiers for portable 
radios and TV, and other commercial 
units has been placed in production by 
Bendix. The transistor, called Yeoman 
and designated the 2N1176, A and B 
series, has a low saturation voltage of 
0.3 Vde, and can be supplied in 15, 40, 
and 60 voltage ratings with a 300 mAdc 
maximum collector current rating. Its 
linear current gain characteristics permit 
efficient switching and low distortion 
output. 


Circle 82 on Reader Service Card 


Transistor Radiator Series 


Development of a new series of radi- 
ators 3AL-680, for cooling trancistors has 
been announced by The Industrial Divi- 
sion of The Birtcher Corporation. These 
are similar to the company’s 3AL-675 
series of Transistor Radiators, except that 
they mount directly on the chassis or 
printed circuit board, thereby serving 
also as retainers. Sizes and modifications 
are available to cover the full range of 
TO-6, TO-7 and TO-9 packages. Material 
is aluminum with anodized finish. 

Circle 70 on Reader Service Card 
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Silicon Detector Capsule | 

A subminiature “detector capsule” er 
closing silicon light sensing element wa 
introduced by Hoffman Electronics ra 
cently. Type EA7 photo-voltaic detectid 
device is designed for use in applicatiow 
where higher light sensitivity and smai 
size are of prime importance. The tin 
unit will generate a minimum of 3(j 
microamperes into a 1,000 ohm load ; 
an illumination level of 1,250 foot-candle 
of tungsten light at 2,800° K, color tem 
perature. The detector cell has the ult 
fast response time of less than 20 micr< 
seconds, the exact speed depending « 
the load impedance. The silicon ligk 
sensing element has an active area e 
about 0.13 by 0.05”. It is permet 
sealed in a rugged glass envelope capah_ 
of withstanding extreme environmen: 
conditions. 


Circle 67 on Reader Service Card 


Tantalum Capacitor 


The new Fansteel Gold-Cap Capacitca 
is a polarized, tantalum electrolytic un) 
capable of operating at full rated voltag. 
in temperatures ranging from —55°C 7 
+85°C with voltage derating at ambier 
temperatures from 85°C to 125°C. It 
offered with proof in writing of pre 
tested reliability. This proof is base# 
upon a series of rigid tests for checkin 
reliability. Each Gold-Cap is assigned | 
registered serial number and all te 
results are recorded by this individu 
number. Meets Gold-Cap Specification 
No. 6CA-101, and is accompanied by itt 
own certified record of test results. 

Circle 85 on Reader Service Card 


Silicon Rectifiers 


RCA 1N536 thru. 1N540, 1N547, anr 
1N1095 are hermetically sealed  silicoc 
rectifiers of the diffused-junction type 
They are specifically designed for use i) 
power supplies of industrial and militar’ 
equipment capable of operating at dl 
forward currents up to 750 milliampere! 
and temperatures ranging from —65° t 
+165° C. They have peak inverse-voltag 
ratings of 50, 100, 200, 300, 400, 600, an 
900 volts, respectively, and a maxim 
reverse current of 5 microamperes 4 
maximum rated peak inverse voltag! 
and ambient temperature of 25° C. 
addition, the maximum forward-voltag 
drop at a de forward current of 500 millil 
amperes (at an ambient temperature ai 
25° C) is 1.1 volts for the 1N536-40 an) 
1.2 volts for the 1N547 and 1N1095. 


Circle 63 on Reader Service Card 


iniature Selenium Diodes 


New subminiature plastic-encapsulated 
jenium diodes have been developed by 
adio Receptor Company, Inc., subsidiary 
; General Instrument Corporation. 
apable of operating in ambient temper- 
ures from —50°C. to 100°C. without 
erating, the diodes come in eight types, 
ith peak inverse voltage ranges from 
) to 400 volts, at 12.5 ma. Maximum case 
mgth is only .380 inches for all eight 
res, with widths ranging from .340 
iches for the 50 and 100 volt units up to 
80 inches for the 400 volt type. 


Circle 89 on Reader Service Card 
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ermanium Mesa Transistors 


Two types of glass header germanium 
esa P-N-P transistors, designed specifi- 
for use at FM and TV frequencies, 
rere announced by Texas Instruments 
corporated, and are the forerunners of 
mplete line of TI mesa entertainment 
ices. TI-361 features high gain at 
uencies of 200 megacycle for RF 
plifiers and a typical noise figure of 
5 db at the same frequency. A typical 
reuit gain of 15 db in 100 megacycle 
amplifier applications and a low 5.5 
b typical noise figure are among the 
ighlights of the TI-360. Have an operat- 
ig range of —55 to +85°C. 


Circle 80 on Reader Service Card 


ilicon Mesa Transistor 


/2N1252 is a low storage NPN diffused 
ilicon mesa transistor from Fairchild 
iconductor Corporation. This device 
mbines low storage time with high cur- 
ent capability. It is ideally suited for use 
high current saturated switching cir- 
its. The unit features guaranteed stor- 
ge plus fall times of 150 musec at 1,=150 
. Five megapulse operation is typical 
DCTL saturated circuitry. Has a DC 
urrent gain range from 15-45. Request 
ata sheet SL-11. 


Circle 97 on Reader Service Card 


iode Sealing Machine 


A new Six-Position Semi-Automatic 
ealing Machine, #3130, for making the 
al seal on glass diodes has been intro- 
uced by Kahle Engineering Company. 
Production capacity is from 300 to 500 
fealed diodes per hour. Consists of six 
omplete individual sealing machines 
nounted on a table, is 6’ long, 5’ high and 
’ wide, weighs 600 lbs. and has pull-out 
ections for easy maintenance. 

Circle 65 on Reader Service Card 


Power Transistors 


A series of complementary NPN-PNP 
power transistor lines has been an- 
nounced by CBS Electronics. The NPN 
transistors have electrical characteristics 
identical to those of their PNP counter- 
parts. The pairs feature high voltages, 
up to 100 volts, and proven reliability 
(exceeding MIL-T-19500A) for audio, 
control, voltage-regulation, servo and 
computer applications. All types in the 
line of 5 pairs have a maximum collector 
current of 3 amps, a minimum large- 
signal current gain of 30 (for a collector 
current of 0.5 amp), and a maximum 
thermal resistance of 3° C/W. 


Circle 61 on Reader Service Card 


High Current Recovery Diodes 


New silicon diode types combining high 
current capabilities with exceptionally 
fast recovery times for ideal application 
to computer switching operations were 
announced by Hughes Aircraft. The 
minimum forward-current specification 
(at 25°C and 1.0 volt) is 100 to 200 mA 
for these types 1N837-1N845. Typical 
capacity, at —2 volts, is less than 4 uuf. 
The diodes have a reverse resistance of 
400 to 2000 meg ohms and an operating 
temperature range of —635°C to +150°C. 

Circle 94 on Reader Service Card 


Diode Ager & Tester 


A modulated constant current source 
has been introduced by North Hills Elec- 
tric Co. Designed especially for diode 
(zener and rectifier) ageing and life test- 
ing, the CS-125 has a range from 0.1 pa 
to 20 ma. @ up to 2250 v.d.c. Twenty-one 
completely independent supplies are con- 
tained in one rack, thus permitting about 
10,000 5 volt zener diodes to be aged or 
life tested at one time. 


Circle 74 on Reader Service Card 


Computer Diode 
A miniature, silicon junction computer 
diode designed by Microwave Associates, 
the MA-4223, is designed for use in com- 
puter circuits which require low capacity 
and exceptionally fast recovery time 
components. When switched from the 
forward bias with 10 milliamps current 
flowing to reverse bias of —5 volts, the 
complete recovery time is 4 millimicro- 
seconds maximum, Typical performance 
is considerably below this figure. Oper- 
ating temperature of these glass packaged 
diodes is from —65 to +100° C. 
Circle 90 on Reader Service Card 
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Germanium Computer Transistors 


Texas Instruments announces 8 types 
of alloy germanium computer transistors, 
4 P-N-P and N-P-N pairs. All feature 
emitter to base voltages of 25 volts and 
collector to emitter voltages ranging from 
15 to 25 volts. The collector to base volt- 
age for the P-N-P series (2N1303, 2N1305, 
2N1307, 2N1309) is 30 volts and for the 
N-P-N, types (2N1302, 2N1304, 2N1306, 
2N1308), 25 volts. All transistors also high- 
light a 300 ma collector current, 300 ma 
emitter current and a total device dis- 
sipation of 150 mw. Storage temperatures 
range from —65°C to 100°C. 

Circle 81 on Reader Service Card 


Mesa Transistors 


RCA 2N1300 and 2N1301 germanium 
p-n-p diffused-junction mesa transistors; 
specifically designed for high-speed 
switching applications in commercial and 
military data-processing equipment in 
which high-frequency response and high 
power dissipation are important design 
considerations. Particularly useful in 
pulse-amplifier, inverter, flip-flop, and 
logic-gate circuits. Typical gain-band- 
width product of 40 Mc and 60 Mc re- 
spectively make these transistors espe- 
cially useful in electronic computers 
operating at pulse-repetition rates up to 
10 Me. 


Circle 62 on Reader Service Card 


Power Transistor 


A new military-type germanium power 
transistor, designated 2N297A, has been 
announced by Bendix. It can be used 
in numerous military applications, such 
as in missiles and supersonic aircraft, 
and also in many commercial fields for 
high-current switching, audio amplifica- 
tion, regulators, power supply circuits, 
and oscillator circuits. Has a maximum 
collector voltage rating of 60 volts, and 
a maximum collector current rating of 5 
amperes. It has a dissipation of 35 watts 
at 25° ©. and 10 watts at) 75° C: 


Circle 83 on Reader Service Card 


Ultrasonic Cleaner 


A new, multi-purpose SonBlaster ultra- 
sonic cleaning unit which can handle two 
different jobs at the same time in small 
parts cleaning, laboratory processing and 
investigation of various ultrasonic phe- 
nomena has been announced by The 
Narda Ultrasonics Corporation. Series 400 
ultrasonically agitates the contents of two 
400 ml Pyrex glass beakers. It is now pos- 
sible to wash and rinse parts simultane- 
ously, use two different solutions at the 
same time, use any chemical, acid, or 
alkali solvent in glass beakers, or use the 
stainless steel tank without beakers. 


Circle 105 on Reader Service Card 
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INCREASES PRODUCTION YIELD | 
IN SEMICONDUCTOR ASSEMBLY | 


The photographic enlargement shows 
005” aluminum wire welded ultrason- 
ically to silicon wafer with SON OWELD, | 
Sox wen oF the precision ultrasonic welding tool. 


With SONOWELD, you get low ohmic 
contact, no penetration. Readily adapted 
to automation in semiconductor as- 
sembly. High reproducibility is achieved 
in joining aluminum or gold leads to 
silicon or germanium. Contamination is 
eliminated. There is no arc, spark, or 


100-watt SONOWELD unit, Sputter. Current does not pass through 
Model W-100-TSL-58-6 de- the weld. 

signed specifically for weld- 
ing small semiconductor ; ; : 5 
Con ponents Gene aia For reliable welds with high production 


22x14x15 inches. yield, investigate SONOWELD today. 


SONOBOND CORPORATION 
West Chester, Pa. Telephone: OWen 6-4710 


A Subsidiary of A eroprojects Incorporated 


Get Bulletin 118 for further information 
on ultrasonic welding. See the wide range 
of applications with various size SONO- 
WELD units. No obligation, naturally. 


SONOWELD* 
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Compensated Avalanche Diode 

A new three-layer semiconductor ¢ 
vice for more precise regulation of Zer 
voltages in electronic circuitry has be 
introduced by the Shockley Transis; 
Corporation. Principles of molecular ¢ 
gineering were employed to combine, : 
one tiny piece of silicon, functions wh! 
normally require several individual co: 
ponents. Dynamic resistance has been : 
duced to less than 1 ohm in the currw 
range of 2) to 80 ma. Average volte 
change is .043%/°C over a temperaty 
range of —45°C to 150°C. This drops ; 
less than .02%/°C over the 105°-1) 
range. Available in 12, 16, 20 and 24 w 
units, in 1 watt and 4% watt power ratin; 

Circle 106 on Reader Service Card 


Silicon Transistors 
Westinghouse high power silicon tra 
sistors, when operated as a switch, ¢ 
capable of controlling over 5 kw of pow 
er. Collector-to-emitter voltage ratiri 
from 30 to 200 volts; maximum operatil 
junction temperature of 150 degrees | 
and saturation resistanee less than 
ohm. Minimum current gain of 10 to: 
amperes collector current; maximum c« 
lector current rating of 30 amperes. T” 
low thermal drop from junction to cad 
coupled with higher temperature car 
bility enables these power transistors : 
dissipate up to 250 watts internally. 
Circle 66 on Reader Service Card 


Silicon Triode Transistors 
GE has announced a series of hii 
frequency silicon triode transistors cap 
ble of dissipating 500-milliwatts at 25°% 
with no heat sink. These 5 transistors ai! 
“A” versions of 2N332 through 2N3} 
whose normal power dissipation is If 
milliwatts at 25°C. Fixed-bed constrt 
tion provides the “A” transistors w 
higher mechanical reliability under < 
vere conditions of shock, vibration, cey 
trifugal force and temperature. 
Circle 76 on Reader Service Card 


Parametric Diode 
A versatile parametric diode with mar 
applications where high cut-off frequens 
is required was introduced recently | 
ITT Components Division. The semicow 
ductor component achieves its low capav 
itance by its very small diffused “mesu| 
Junction and attains a low series resi& 
ance through special control of the soll 
state diffusion processing. Developmentt 
types include diodes with cut-off fr 
quencies ranging up to 150 kilomegy 
cycles, with zero bias capacitance as le 
as 0.4 micro-microfarad. 
Circle 100 on Reader Service Card 


! 

‘Transistor Radiator 

‘ Model 3AL-672 Transistor Heat Radi- 
ator offers an inexpensive method of 
cooling diamond shape transistors as 
»much as 30°C under typical operating 
conditions. Providing 12 square inches of 
radiating surface, the new Radiator is 
ideal for use with transistors when they 
tare used above ground potential and 
wheat cannot escape into the chassis. The 
device attaches with the transistor to the 
chassis and does not interfere with opera- 
tion or servicing. The Radiator is made 
in one piece of aluminum instead of in 
‘several assembled beryllium fins. Finish 
is black anodize. Birtcher Corp. 

Circle 71 on Reader Service Card 


Transistor Etching Machine 


Carman Laboratories machine is in- 
‘tended to electrolytically etch and rinse 
‘transistors in an accurately controlled 
automatic cycle. Parts are hand-loaded 
‘on the indexing wheel which positions 
them accurately through five etch sta- 
tions and four rinse stations. The jets and 
parts holder are made of materials that 
will withstand hot caustic solutions. 

Circle 104 on Reader Service Card 


Read-Through Lamp 

Tung-Sol Electric has announced their 
development of the #4 lamp, a submini- 
ature incandescent designed for computer 
use as a light source in a photoelectric 
readout application. Suitable also as a 
bright-light, direct end-on-viewed read- 
out indicator, it is a 2.5 volt, 400 mA lamp 
less than 44” in diameter and 13/16” in 
length (based). Its T-1 34 high-magnifica- 
tion lensatic bulb is designed to concen- 
trate a 14” spot pattern, 3%” in front of 
the lamp for maximum read-through 
efficiency. It utilizes a single coil C-2R 
filament. 

Circle 72 on Reader Service Card 


I-F/Video Amplifier Transistor 

Transitron Electronic Corp. announces 
availability of the ST6006 and 2N1205 high 
frequency transistors for I-F and video 
amplifiers. Diffused Mesa techniques have 
been utilized in the manufacture of the 
ST6006 type which affords a typical power 
gain of 25 db @ 12.5mc. Similarly, the 
2N1205 unit offers a typical power gain 
of 30 db @ 43me. In addition to high 
gain characteristics these components 
present a low noise figure. Request Bul- 
letin PB-64. 

Circle 78 on Reader Service Card 


Zener Diodes 

Three new Motorola 10-watt zener 
diodes, the 1N1353 rated at 13.2 volts, the 
1N1358 rated at 22 volts and the 1N1361 
rated at 29.7 volts, are now available for 
military applications. These units meet or 
exceed the mechanical and environmental 
requirements of military specifications 
MIL-E-1/1236. 


Circle 107 on Reader Service Card 


Degreasing Machine 

The King Company announces a new 
degreasing machine which combines the 
advantages of chemical vapor cleaning 
with portability and simplicity. An elec- 
trical thermal switch does away with 
cumbersome and confining water piping. 
If any electrical failure occurs, machine 
is turned off automatically. Placed on 4” 
wheels, it has a plug-in cord. Available 
in five models, ranging from 115 volts AC 
and 1500 watts to 220 volts AC and 5000 
watts, in either single or three phase. 
440 volt models are available upon re- 
quest. 

Circle 88 on Reader Service Card 


(Continued on page 63) 


SOLID 
STATE 


SCIENTISTS 


e Molecular engineering—multi-function 


devices 
e Unipolar transistors 


e Thermoelectric materials and devices 


Opportunities to build your 


career around exceptional, 


advanced development programs 


e High frequency—high power transistors 


e High power controlled rectifiers 


DEVICE DESIGN ENGINEERS 


Design and develop a wide variety of new devices for industrial and 


military applications. 


methods. 


e Semiconductor materials development 


MATERIALS ENGINEER 


Develop thermoelectric and semiconductor materials and processing 


Openings both in Youngwood, Pennsylvania and Baltimore, Maryland 


Full relocation allowances. Liberal medical, pension and life insurance plans. Stock purchase plan. 


Tuition refund plan for continued education. Cost of living adjustments. Semi-annual rate reviews. 


U.S. CITIZENSHIP NOT REQUIRED 


Send resume in confidence to R. G, Snyder 


Westinghouse pte es Aimar 
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ALLIED’S 
1960 CATALOG 


BUY AT FACTORY PRICES 


world’s largest stocks...specializing in the supply of: 


@ Semi-Conductors © Special-Purpose Tubes 
Connectors e Test Equipment & Meters 
Relays e Resistors, Controls 
Transformers e Switches, Timers 
Electronic Parts for Every Industrial Need 


ONE ORDER TO ALLIED FILLS THE WHOLE BILL 


Your ALLIED Catalog is the best single source for 
electronic supply. It puts the world’s largest stocks 
at your command—there’s no need to deal with 
hundreds of separate factories—one order to us fills 
the whole bill. You get same-day shipment (fastest 
service in electronic supply) and you buy at factory 
prices. Send today for your FREE 1960 ALLIED Cat- 
alog—your one-source electronic supply guide. 


MARKET NEWS (from page 48) 


duced a new series of five high frequency silicon triod 
transistors. These transistors, 2N332A to 2N336A are saiv 
to be capable of 500 mw dissipation at 25° C. They ar 
priced in large quantities from $8.00 each for 2N332A t 
$17.50 each for the 2N336A. 


Hoffman Electronics Corp., Semiconductor Division ha. 
announced a 30% decrease in prices on 1N429 Zener Ref 
erence diodes. Prices will be $7.50 each in single uni‘. 
in quantities up to 99; and at $5.00 each in quantitie: 
over 100. The division’s new computor testing system ha: 
helped to reduce manufacturing costs on these items. | 


Minneapolis-Honeywell Regulator Co., is now in pre- 
duction on their 3N45 and 3N46 germanium power tetrod 
transistors. Prices range from $14.50 each in single unit: 
to $10.00 each in quantities of 5,000. 


Texas Instruments Incorporated has introduced a series 
of high performance, all-purpose economy germanium 
transistors including types to sell as low as 50¢ in quan-~ 
tity lots. This low price range is made possible by tha 
perfection of a new header manufacturing process and) 
their new continuous Automatic Testing machines capable 
of testing 1,800 transistors an hour. 


ALLIED RADIO 


100 N. Western Ave., Dept. 171-L9 
for everything in Chicago 80, III. 
electronic supply 


en ee ou 39h year 
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your dependable 


General Electric Company, Syracuse announces a new 
direct factory source 


type of silicon controlled rectifier. Five types are available 
between 100 and 300 volt ratings. Prices range from $38! 
each for the 100 volt units to $116 each for the 300 volt! 
device. 


Radio Receptor Company, Inc., subsidiary of Generali 
Instrument Corporation has developed a new submini-~ 
ature plastic-encapsulated selenium diode priced to sell 
from 15¢ to 35¢ in production quantities. 


CENTRIFUGE 


FOR 


SEMICONDUCTOR TESTING 


Expansions 


Bendix Aviation Corporation has started construction: 
on a new semiconductor products plant in Holmdell, NJ | 
This plant of 72,000 sq. ft. is scheduled to be completed‘ 
early next year. It will handle the companies line of power » 
transistors and silicon rectifiers. 


Radio Corporation of America plans to build a new: 
120,000 sq. ft. semiconductor plant in Mountaintop, Pa.. 
Their new plant will concentrate its production on Mesa i{ 
transistors and silicon rectifiers. Production is expected | 
to start by mid-1960. | 


The CSI Centrifuge shown above is used for Preforming centrifugal 
accelerations of 20,000 G tests on transistors and semiconductor 
products. The rotor shown below on the left has 4 places. Others 
are available in 6 and 8 places. The rotor shown below on the 
right has 56 test cavities. Ref.: MIL-T-19500A “Transistors, Gen 
Spec. for” : ; 


Transistor Electronic Corp. has quadrupled its produc- - 
tion area by adding a nearby 5,000 sq. ft. building to its: 
headquarters in Minneapolis. 


Universal Control, Inc., is erecting a new plant in Glen. 
Cove, L. I. for turning out transistors. The new plant, . 
which will be known as the C. P. Clare Transistor Corp., , 
will replace the temporary building now being used in 
Glen Cove for this purpose. The Clare sales organization | 
will market the new transistors. 


Toshiba, Japan’s largest manufacturer of transistors is | 
rapidly nearing the completion of a new addition to its 
transistor plant and will become, accordingly, one of the 
largest manufacturers of transistorized radios in the 
world. The sales of their transistor radios in the American | 
market has been increasing steadily. Last year it was | 


Brochure and Price Upon Request Pat. No. 2,699,289 


CUSTOM SCIENTIFIC INSTRUMENTS, Inc. 


541 Devon St. Tel. WYman 1-6403 Kearny, N.J. 
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$5 million retail, this year they should exceed $10 million 
and in 1960 the company expects its sales in the U.S. to 
top $15 million. 


Military 
4 


The Defense Department’s newy reorganized Electronic 
Production Resources Agency (ERPA) has estimated that 
the military requirements for the next two and one-half 


j 
PROJECTED MILITARY TRANSISTOR REQUIREMENTS 


{00 MILLION UNITS > 
Po ae er 
i 
Raw | 
6; ———+ +. —1 dw - tf 
we ACTUAL AND ESTIMATED SHIPMENTS TO MILITARY / 
THRU {st HALF 1959 / 


wee. EPRA FORECASTED MILITARY AND DEFENSE 


om | 
yeeeee FERAnEMENTS REPORTED BY ARMY, NAVY & AIR tL | 
‘ | 
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years will increase 100%, and for the next six years there 
‘will be a tenfold increase. It is estimated that military 
‘needs will reach a minimum total of nearly 20 million 
‘units by 1961, nearly doubling the 1959 military usage. 


Contracts 


Bendix Aviation Corp., and Ucinite division of United 
‘Car Fastener Corporation, are furnishing approximately 
155,000 transistor oscillators for electroluminiscent in- 
‘strument panels for Chrysler Corporation, 1960 line of 
ears. Sylvania who is supplying the electroluminiscent 
lamps hopes to add its own transistor oscillators for the 
1961 Chrysler and Imperial lines. 


‘Suppliers 


The Esterbrook Company, a 101 year old writing in- 
strument manufacturer, has begun to produce semicon- 
ductor parts such as washers, tabs, tools and jigs. 


Grace Electronic Chemicals, Inc., suppliers of ultra high 
‘purity silicon, has available float zone refined silicon 
monocrystals, semiconductor grade, doped to customer 
specifications. Undoped monocrystals are characterized by 
resistivities of 800 ohm-cm or higher, and lifetimes in 
excess of 200 microseconds. Polycrystalline rods of the 
‘same purity, which have been given one floating zone 
‘pass, are available for those who wish to grow their own 
monocrystals in floating zone equipment. 


Tang Industries, Inc., a new semiconductor material 
firm in Waltham, Mass., is planning to add a nearby 
10,000 sq. ft. plant to their existing 3,000 sq. ft. facility. 
The firm is a supplier of custom silicon crystals. 


Uni-Seal, Inc.’s new plant in Garwood, N.J. is now 
complete and running at full production capacity. The 
newly formed company is now able to make delivery on 
its wide line of transistor mounts, multi-headers, com- 
plete header and cover assemblies, individual terminals, 
crystal bases, diode housings, condenser and seals, and 
terminal strips. 
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KANTHAL ceramic tube elements 

World renowned Kanthal A-1 alloy (Fe, Cr, Co, Al) 
ceramic embedded in six, standatd, ready-to-mount 
sizes for intermittent temperatures to 2460°F: 


Type Rating Volts Resist- Inside *Heating List 
No. Max. Max. ance Dia. Length Price 


REH-4-30 800W. 15 0.26 1-9/16" 7-7/8" $32.94 
REH-4-60 1200W. 29 0.65 1-9/16” 19-3/4" $54.32 
REH-7-30 1200W. 24 0.44 2-3/4" 7-7/8" $38.21 
REH-7-60 1800W. 46 1,05 2-3/4" 19-3/4” $73.47 
REH-10-30 1800 W. 34 0.59 4” 7-7/8" $39.61 
REH-10-60 2500 W. 63 1.44 4” 19-3/4” $76.48 


* Std. units can be arranged in series to provide a variety 
of heating lengths. 

Ceramic mounting parts for above elements as well 

as complete laboratory furnaces also available. 


hott 
KANTHA Write for brochures. 
ne 


THE KA N TH A L CORPORATION 


19 Amelia Pl., Stamford, Conn. 
Can. Rep., Ferro Enamels, Ont., Can. 
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LOOK TO EX OOL For 


PRECISION ffi 
GRAPHITE 
JIGS 


e HIGH QUALITY 
e LOWER UNIT COST 


e UNMATCHED 
CONSISTENCY 


LE OR : S Call or 
Ls SS s bi Write Our 
: ———— Sales Dept. 
HI-YIELD 


THE MOST DESIRED ‘BOATS’ 
FOR HIGH PRODUCTION 


[ExT oot Propucts 


INC. 
1410 SOWERS RD, IRVING, TEXAS 
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CHARACTERISTICS CHART 
of NEW TRANSISTORS 


Announced Between May 1, 1959 and June 30, 1959 


MANUFACTURERS (In Order of Code Letters) 
ARA— Advanced Research Associates, Inc. MOT— Motorola, Inc. 
AEG— Allgemeine Elecktricitats-gesellschaft MUL— Mullard Ltd. s 
AMP— Amperex Electronic Corp. NTLB— Newmarket Transistors Ltd. 
AEI— Associated Electrical Industries Export Ltd. NPC— Nucleonics Products Co. 
BEN— Bendix Aviation Corp. PSI— Pacific Semiconductors, Inc. 
BOG— Bogue Electric Mfg. Co. PHI— _Philco Corp., Landsdale Tube Co. 
CBS— _ CBS-Electronics RAY— Raytheon Co. ; : ; 
CSF— Compagnie Generale RCA— Radio Corp. of America, Semiconductor Div. 
CTP— _ Clevite Transistor Products, Inc. SIE— Siemens & Halske Aktiengesellschaft 
DEL— Delco Radio Div., General Motors Corp. SIL— __ Silicon Transistor Corp. 
EEVB— English Electric Valve Co., Ltd. SONY— Sony Corp. 
ESEB— Edison Swan Electric Co., Ltd. SPE— _ Sperry Gyroscope Co. 


FSC— _ Fairchild Semiconductors Corp. 

FTHF— French Thomson-Houston Semiconductor Dept. 
GECB— General Electric Co., Ltd. 

GE— ~~ General Electric Co. 

GEM— Great Eastern Mfg. Co. 

GTC— General Transistor Corp. 

HUG— Hughes Aircraft Co. 


SPR— _ Sprague Electric Co. 

SYL— _ Sylvania Electric Products Inc. 

STCB— Standard Telephone & Cables, Ltd. 

TKAD—Suddeutsche Telefon-Apparate-, Kabel und Draht-. 
werke 

TRA— Transitron Electronic Corp. 

TFKG— Telefunken Ltd. 


HIVB— Hivac Ltd. TI— Texas Instruments 
IND— Industro Transistor Corp. TUN— Tung-Sol Electric, Inc. 
LCTF— Labortoire Central de Telecommunications WEC— Western Electric Co., Inc. 


MIN— Minneapolis-Honeywell Regulator Co. WEST— Westinghouse Electric Corp. 


Max. Ratings @ 25° C 


Typical Characteristics 


USE 
See 
{ Code 


MER, 
See code 
at start 


. Below “of charts 


PARAMETER 
d 


an 
(condition) 


2N332A 2 NPN Syl 500 45 2.5 hapila- 1ma 9 GE 
2N333A 2 NPN ‘Spe 500 45 Roe hppito- ima 18 GE 
2N334A 2 NPN Spl 500 45 Pha hop ila- 1ma 18 GE 
2N335A 2 NPN spl 500 45 2.5 hem iio- 1ma 37 GE 
2N336A 2 NPN See 500 45 Zieo Nppita- 1ma 76 GE 
2N350A 3Z) PNPA Ge A0W 1.2 50 40 #6Ke her? 7A 30 MOT 
2N351A 3Z PNPA Ge 40W 1.2 50 40 5Ke hap? 7A A5 MOT 
2N376A 32 PNPA Ge 40W 1.2 50 40 5Ke hep thn 60 MOT 
2N394 5 PNP Ge 150 10 4.0 hep ition 10ma 20 GE 
2N396A 2,5 PNPA Ge 150 500 6.0 5.0 Npgilo- 10ma 30-150 GE,GTC 
2N448 2 NPN Ge 65 15 5.0 Nop ita- 1ma 8 GE 
2N449 2 NPN Ge 65 15 8.0 hapilan 1ma "2 GE 
2N469A 7 PNPA Ge 50 1250 20 15 Si hp :I-- 1ma 75 Gne 
2N706 2,4,5 NPNME Si 600 250 25 20 600 opie 10ma 15 min FSC 
2N1078 3 PNPA Ge 20W 3.0 60 45 hppilg-500ma 30 CBS 
2N1086 2 NPN Ge 65 9.0 8.00 haptig- ima 17 ‘eG 
2N1086A 2 NPN Ge 65 9.0. 8.00 histo =. ima ae 1 yee 
2N1087 2090) NEN Gentes 950 8:00 heetiey ima 9 dimen 
2N1097 2 PNP Ge 140 16 ne=:1%- 20ma 84S GE 
2N1098 2 PNP Ge 140 16 beeel 20ma ss 34.—Sés«GGEE 
NOTATIONS Under Type Under “ab 

Under Use A - Alloyed * Maximum Frequency 

—— : D - Diffused or Drift # Figure of Merit 

1 - Low power a-f equal to or less than 50 mw F  - Fused 4S fae 

2- Medium power .a-f > 50 mw and equal to or G - Grown @ Minimum 

less than 500 mw p He Hook Collector t Gain Bandwidth Product hfe X fife 

3- Power > 500 mw M - Microalloy 

4-r-f/i-f Me - Mesa 

5 - Switching and Computer O - Other 

6 - Low Noise _ s - Surface Barrier — Under P, 

i ae Spec. a : symmetrical D - Infinite heat sink 
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CHARACTERISTICS CHART of NEW TRANSISTORS 


Typical Characteristics 


USE 
See ee MER. 
Code | 4 pe \ See code 
Below J | Below J pias 


PARAMETER 
nd 


(condition) 


| 2N1115 2 PNP Ge 150 15. - 5.0 GE 
| 2N1118 2 PNP Si 150 25 15* hp 15 PHI 
: 2N1119 2 PNP Si 760 10 owt lee 15ma 10 PHI 
| 2N1120 3 PNPA Ge 45W 1.2 80 40 5Ke hyp? 10A 30 BEN, 
gz CTP ,MOT 
| 2N1121 “he NPN Ge 65 15. (8.0 Sh fiae ime 84°" ° On 
| 2N1136 371 PNPA Ge 60W 1.2 60 40 .40 hperIg- 3A 75 BEN 
2N1136A sz PNPA Ge SOW ete) 90 70 N40 arte! eA 75 BEN 
2N1136B 3Z PNPA Ge GOW Tee 100°) 80 A0t eh ete On 75 BEN 
| 2N1137 Si PNPA Ge GOW 1.2 60 40 .40 hee:T0- 3A 110 BEN 
| 2N1137A sz PNPA Ge GOW “1.2 90 "70 .40 hem tigs 3A 110 BEN 
' 2N1137B sz PNPA Ge 60OW 1.2 100 80 .40 hyptIg- 3A 110 BEN 
| 2N1138 37 PNPA Ge 60W 1.2 60 40 £0 he tde- BA 150 BEN 
| 2N1138A 3 PNPA Ge 60W 1.2 90 70 40 hpgiig- 3A 150 BEN 
| 2N1138B sz PNPA Ge 6OW 1.2 100 80 .40 hpatIG- 3A 150 BEN 
| 2N1144 2 PNP Ge _ 140 16 hpgtig- 20ma cy eae 
 2N1145 2 PNP Ge 140 16 hapiIg- 20ma 34 GE 
| 2N1166 3 PNPA Ge 50W 1.27100 75 4Ke hep? 25A 25 MOT 
- 2N1195 2 PNPME Ge 225 30 750 hpgtI,- 10ma 49 TI 
| 2N1198 2 NPN Ge 65 25 5.0 feels 8ma 17. GE 
2N1224 4 PNPD Ge 120 500 40 40 30 hpetIg-1.5ma 60 CA 
2N1225 4 PNPD Ge 120 500 40 40 100 h,J:I,-1.5ma 60 RCA 
| 2N1226 4 PNPD Ge 120 500 60 60 30 hp,g:Ig-1.5ma 60 RCA 
| 2N1273 2 PNPA Ge 150 400 15 10 2.0 hpc:Ie= Soma 50 TI 
2N1274 2 PNPA Ge 150 400 25 10 2.0 hpe:I’= 50ma 50 TI 
2N1276 2 NPN Si 150 40 15t hyptlg- ima 9 GE 
2N1277 2 NPN Si 150 40 15¢ HyptIg- ima 18 .GE 
| 2N1278 2 NPN Si 150 40 15¢ hyptIg- ima 37. GE 
: 2N1279 2 NPN Si: 150 40 15¢ hyptig- ima 76 GE 
2N1310 2 NPNA Ge 120 500 90 1.5 hporIo- ima 35 GTC 
| 2N1311 2 NPNA Ge 120 500 75 1.5 hpgrIg- ima 30 GTC 
2N1312 2 NPNA Ge 120 600-50 2.0 hp tI,- ima 40 GTC 
| 2N1358 3 PNPA Ge -80 80 40 10Ke haprIo- 5A 25-50 DEL 
2N1359 3 PNPA Ge 45W 1.2- 80 40 L0-PACh Ea tet 55 MOT 
2N1360 3 PNPA Ge 45W 1.2. 80. 4055805. haat) SIs0A 90 MOT 
2N1362 3 PNPA Ge 45W 1.2 80 80 LO ah sre, Slate 55 MOT 
 2N1363 3 PNPA Ge 45W 1.2- 80 80 8.5 hat 1.0A 90 MOT 
2N1364 3 PNPA Ge 45W 1.2 80 100 10:9 Meee bh 55 MOT 
2N1365 3 PNPA Ge 48W).1.2% 80 100.°'8.5  hapt 1,08 90 MOT 
2N1366 4 A Ge 100 600 1202.5. hporl.- Ima 10 RAY 
2N1367 4 A Ge 100 600 12 2.5 hyp:Ig- 10ma 20 RAY 
2N1370 2 PNPA Ge 150 400 25 10 2.0 hpg:I,- 50ma 80 TI 
2N1371 2 PNPA Ge 150 400 45 10 2.0 hpoz:I¢- 50ma 80 TI 
2N1372 2 PNPA Ge 210 380 25 15 2.0 hpgrIc- 50ma 45 TI 
2N1373 2 PNPA Ge 250 380 45 25 2.0 h,g:Ic- 50ma 45 TI 
2N1374 2 PNPA Ge 250 380 25 15 2.0 hpgrIo- 50ma 70 #86TI 
2N1375 2 PNPA Ge 250 380 45 25 2.0 hp,:I,- 50ma 70 8 TI 
2N1376 2 PNPA Ge 250 380 25 15 2,0 hperI’- 50ma 95 TI 
2N1377 2 PNPA Ge 250 380 45 25 2,0 hpe:I°- 50ma 95 TI 
2N1378 2 PNPA Ge 250 380 12 7 2.0 hpg:Ic- 50ma 200 TI 
2N1379 2 PNPA Ge 250 380 25 15 2.0 hpg:Io- 50ma 200 TI 
2N1380 2 PNPA Ge. 250, 380. 12 fy (860 on dag 20) 6 OM 1005 PT 
2N1381 2 PNPA Ge 250 380 25 15 2.0 h,c:1'- 50ma 100 TI 
2N1382 2 PNPA Ge 200 380 25 15 2.0 hperIi- 50ma 80 TI 
2N1383 2 PNPA Ge 200 380 25 15 2.0 hperI¢- 50ma 50 TI 
2N1386 5 NPND See 00500 6825 BS 60 hegtig- 1oma 45 RAY 
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CHARACTERISTICS CHART of NEW TRANSISTORS 


Max. Ratings @ 25° C 


Typical Characteristics 


MER. 
| st sna" | 
at end 
PARAMETER of chart 
and 
(condition) 


2N1387 5 NPND St) 300. 500. 300m ode 50 NpgtIg- 10ma 30 RAY 
2N1388 6 NPND sf 800! . 500-45 eas 50 RAY 
2N1389 6 NPND $4. 1.800. 500 50) 50 25 RAY 
2N1390 6 NPND St 300 5008" 205. 20 30 RAY 
2N1392 7 PNPA Ge 50 1250. 20° | 20: | 91,0 9° get meen 40 GTC 
2N1393 7 PNPA Ge 50 1250 20 ~10 3.4 h, :t.- dma, segue 
2N1394 7 PNPA Ge 50 21000 10% 1Osem to es hee 1ma 50 GTC 
2N1408 2 PNPA Gese150. 500. 50 hreiie- ima 25 GQTc 
2N1409 aG NPND Si 2800 44. 30 20 195. hana Tot 00m 30 PSE 
2N1410 3,5 NPND Si 2800 44 30 20 175 hyprIG-100ma 60 Psa 
2N1412 3 PNPA Ge -80 100 65 10Ke h,atI,- 5A 25-50) 90mm 
3N45 3,5 PNPA Ge 1:00 160nee 30 40 9 Dp neue 40 MIN 
3N46 3,5 PNPA Ge 1: Oa 60 40 | ihe tenes 40 MIN 
CTP1222 3 PNP Ge 125i. “600 250 hppiig- 5A 20 min Cae 
CTP1530 3 PNP Ge -80 100 80 10Ke hyatIg- 5A 25-50) Gam 
EW69 4 D Ge 65h Gs0t) 20 er oe 30 hpgtI,- Ima 30  GECB 
GET8 75 5 A Ge Q0m 650 Siete 18 haarI5-150ma 50  GECB 
SFT106 2 PNPA Ge 80. -620-.- 18 5.0 hpgilg- Ima 35 CSE 
SFT107 2 PNPA Ge 80 620 -18 7-0. hee td medina 55 CSF 
SFT108 2 PNPA Ge 80) e620m— 18 10 hpetTo- ima 100 | OSE 
SFT113 3 PNPA Ge 4.0 30 15.30 hese 40 CSF 
SFT114 3 PNPA Ge 450< ~69 302 80.30 Sgt eee 40 CSF 
SFT115 2 PNPD Ge. 150° 7. 3380 40-4) 56 cL ne ee 60 CSF 
SFT121 2 PNPA Ge 175 7 290.. 34 1.1 hyetIg-100ma 30 CSF 
SFT122 2 PNPA Ge. 175 - 290 224 1.2  hyptIg-100ma 50 GSE 
SFT123 2 PNPA Ge 175 ‘290 24 1.3  hyptI,-100ma 80 CSF 
SFT126 2 PNPA Ge~ 150 330" 24 5.0 hagrIg- Ima 30 CSF 
SFT127 2 PNPA Ge 150 330 24 7. O.te Hes becuuad ia 50 CSF 
SFT128 2 PNPA Ge-- 150 390, 24 10 hpetI.- Ima 100.) Gem 
SFT135 5 PNPA Ge, “150 §380\05 85 2.5 haptlgn 30ma 30 CSF 
SFT136 5 PNPA Ge 150 380 35 7.0% heat some 50 CSF 
SFT141 2 PNPA Ges 1200. °. 250m ip 1.1 hyptIg-100ma 30 CSF 
SFT150. 3 PNPA Ge Pie me ea 30) Se a ok 40 CSF 
SFT151 2 PNPA Ge 150 330 24 10 4 ae eel 30 CSF 
SFT152 2 PNPA Gem etlS0mes30.ne 24 90 hee ima 50 CSF 
SFT153 2 PNPA Ger ''ts0 330 4 1.1 hee ie 80 CSF 
XA124 2 PNPD Ge 80 20 30 heel 1ma 60  ESEB 
XA131 2 PNPD Ge 120 30 100 hee -1.5ma 60  ESEB 
XA141 2 PNPD Ge 120 30 30f he sro. Sma 45 ESEB 
XA142 2 PNPD Ge 120 30 50+ beetles sma 45.+~—«-ESEB 
XA143 2 PNPD Ge 120 30 75¢ how:I.- 5ma 45 _ESEB: 
XC141 3 PNPA Ge 10) 40mm LO i eniaee 1A 70 max ESEB 
XC142 3 PNPA Ge 1.04) 60m A 40 he eT esa oe Oe 
XC155 35 bie! ENPAS 1 Ge 125), 80. 80m ayces oe 1A 75 ESEe 
XC156 3 PNPA Ge 1.5 100, 65, 6.5Ke beeule 1A 75 ESEB 
NOTATIONS Under Type Under ‘ab Re 


- Alloyed * Maximum Frequency 
- Diffused or Drift 
- Fused 

- Grown 

~ Hook Collector 

- Microalloy 

- Mesa | 
- Other 

- Surface Barrier Under P. 
- Unijunction Transistor 
- Symmetrical 

~ Tetrode 


Under Use 

Under Use Figure of Merit 

foe 

Minimum 

Gain Bandwidth Product hfe X thre 


- Low power a-f equal to or less than 50 mw 
- Medium power a-{ > 50 mw and equal to or 


ZzQ MoD 
+aD* 


less than 500 mw 
- Power > 500 mw 
carat/A-f 
- Switching and Computer 
- Low Noise 
) - Revised Spec. 


7 - Photo 
The following manufacturers have announced that 


Roaoeroe we 
© 


a 


® - Infinite heat sink 


mi cno zs 


they have begun supplying the indicated previously registered transistors, 
Bendix: 2N297A 

CBS-Electronics: 2N297A, 2N1012 

Clevite: 2N297A, 2N1011 

Motorola: 2N331, 2N404, 2N1011 

Raytheon: 2N438, 2N439, 2N440 

Texas Instruments: 2N395, 2N396, 2N397 
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FROM PHILCO... 


SILICON 


i\ EW SURFACE ALLOY 


TRANSISTORS 


and 
offer 4 outstanding features: 


1, Low Leakage Current 

2. Very Low Saturation Resistance (Choppers, Switches) 

3. High Base-emitter Breakdown Region 

4, Controlled Input Characteristics 

2N1428 and 2N1429 are Lower-priced Units with 
Comparable Characteristics for Low Voltage, High 
Beta Application. 


*Trademark Philco Corp. for Surface Alloy Transistors 


PHILCO 


LANSDALE TUBE DIVISION - LANSDALE, PENNSYLVANIA 


M: DV. 


470K ie 
~ifi J 
I5V 
en 50//FD 


—r 


oa 47K 
2N x, 


—W 
-225V 100K 
100K 


m 2NIII9 2NIND g 


2 MCS Binary Counter—(—55°C to +125 C) 


Phileo continues its leadership in the Silicon high speed 
PNP field with these highly reliable field-proven SATs. In 
addition to their other superior characteristics, they have 
adequate frequency response to fill a large percentage of 
silicon transistor applications in both military and com- 
mercial circuits operating at high ambient temperatures. 
They are environmentally tested in accordance with 
MIL-T-19500 A. These two new types supplement and 
are the electrical equivalents of the widely used 2N495 
and 2N496, offering the designer a choice of packages 
(TO-1 and TO-5). For very high speed switching appli- 
cations, designers should consider Philco’s NPN Diffused- 
base Transistor 2N1199. Write for complete information, 
Dept. SC 1159. 


Immediately Available in Production Quantities .. . 
your Philco Industrial Semiconductor Distributor. 


and 1-99 from 


Circle No. 23 on Reader Service Card 


Useful applications: 


Analyzing “Freon” and Sulfur 
Dioxide refrigerants. 
Continuous or batch analyses 
of moisture in a wide variety 
of gas streams — including 
process streams, inert atmos- 
pheres required in plant proc- 
esses and laboratory dry 
boxes, and plant instrument 
streams. 

Measuring reaction rates 
where water is involved as a 
reactant, product or catalyst. 
Available in portable, weather- 
proof, explosion-proof, auto- 


matic control and recording 
units. 


All Model W analyzers include flow indicators 


MODEL W ELECTROLYTIC 
MOISTURE ANALYZER 
Vacuum connected unit with 
adjustable alarm 


Write for complete information 
MANUFACTURERS ENGINEERING 


& EQUIPMENT CORP. 


10 Sunset Lane, Hatboro, Pa. 
Circle No. 24 on Reader Service Card 


how to select... 
MICROFORMS 
for all... 


semi conductor needs 


stock or specifi- 
cation solders 
ultra-high purity— 
99.999% and 
commercial grade 
metals and alloys 


ANCHOR... 


first to pioneer the 
development of solder 
metals and alloys 
for the semi- 
conductor field 


Send today for free 

manual on HOW TO 

SELECT MICRO. 

FORMS FOR ALL 

SEMI-CONDUCTOR . 

NEEDS. Our engineers will be more than 
happy to lend further assistance on specific | 
problems. 


966 Meeker Ave. Dept. 
Brooklyn 22, N. Y. + N. Y. Phone: STagg 2-7090 
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Industry News 


CONFERENCE CALENDAR 


The Following December 1959 IRE and Jointly Sponsore ‘ 


Meetings Are Scheduled: 


Eastern Joint Computer Conference, Statles 
Hotel, Boston, Mass. For Information: Jean Hl 
Felker, Bell Telephone Labs, Murray Hii- 
N. J. Sponsored By: PGEC, AIEE, ACM. 


Dec 1-3 


4th Midwest Symposium on Circuit Theory 
Brooks Memorial Union, Marquette Univers 
sity, Milwaukee, Wisc. For Information: J amet 
D. Graham, College of Engnrg., Marquett# 
University, 1515 W. Wisconsin Ave., Milwau. 
kee 3, Wisc. Sponsored By: PGCT, Marquette 
University. 


Dec 1-2 


Dec 3-4 PGVC Annual Meeting, Colonial Inn & Dess 
ert Ranch, St. Petersburg, Fla. For Informa+ 
tion: J. R. Neubauer, RCA, Bldg. 1-4, Cam-< 


den 2, N. J. Sponsored By: PGVC. 


Other Meetings Scheduled: 


Dec 2-4 = Electric Furnace Conference, Cleveland Hote: 
Cleveland, Ohio. Sponsored By: America 
Institute of Mining, Metallurgical and Petro: 


leum Engineers. 


Dec 6-10 Annual Meeting, American Institute of Chem: 


ical Engineers, San Francisco, Calif. 


Dec 26-31 Annual Meeting, American Association for the 
Advancement of Science; 126th Meeting. Mor 


rison Hotel, Chicago, IIl. 


Dec 28-30 American Physical Society Meeting, Pasadena 
Calif. 


RESEARCH AND DEVELOPMENT 


The National Bureau of Standards maintains an analo; 
computer as a mathematical research tool to assist in tha 
Bureau’s scientific program. One of the examples repre: 
sentative of the Bureau’s technical problems, in whic 
the analog computer has aided research, is its analysis 
transistor operation. Increasing application is being mad¢ 
of complex computing and control circuitry for airborne 
and field use. This equipment frequently requires elec- 
tronic components of unusually high reliability to with4 
stand possible extreme environmental conditions. Th 
transistor is one component whose properties and applica 
tions are under intensive investigation for such use. Dig 


form consistent with the concepts of the circuit onan 
Therefore, the Bureau derived an equivalent circuit rep) 


resentation of the transistor specifically for the non-linear 
operation encountered in large-signal switching circuits. 
It differs from previous circuits primarily by repre- 
senting the input impedance as well as the transfer ratio 
‘even in the condition of saturation. The equivalent circuit 
lwas readily simulated on the analog computer for several 
modes of operation. Each simulation produced waveforms 
and amplitude responses that were in close agreement 
with limited experimental trials. The results provide a 
characterization of the transistor so that its performance 
in a switching circuit can be accurately predicted. 


i 


| Hughes Aircraft Company metallurgists have perfected 
‘a method of casting optical-quality silicon for use in infra- 
red sensors in military weapons systems. The new process 
permits volume production of silicon lenses, domes and 
flats. Until recently, it was necessary to “grow” individual 
‘erystals for each optical element which, in turn, had to be 
laboriously machined before use. Molds are designed to 
the approximate shape of the finished part and the cast- 
‘ings given a final finishing on standard optical machinery. 
‘By holding castings to close tolerances, metal waste and 
finishing time is kept to a minimum. Hughes engineers 
‘disclosed that there is no severe size limitation on ele- 
ments that can be made. Infrared domes with an outside 
‘diameter of more than eight inches have already been 
east successfully. 


_ A simple procedure for realizing standards of spectral 
radiant intensity has been devised by L. E. Barbrow, chief 
‘of the National Bureau of Standards photometry and col- 
orimetry laboratory. By applying tabulated values to a 
tungsten-filament lamp standard that has been calibrated 
for luminous intensity at a specific color temperature, the 
jJamp can easily be converted into a standard of spectral 
‘radiant intensity within the visible spectrum. As the un- 
‘certainty of spectral data derived is probably no greater 
than 3 percent over the visible spectrum, lamps calibrated 
for luminous intensity and for color temperature will pro- 
vide a high degree of accuracy when used as spectral radi- 
‘ant intensity standards. 


EUROPEAN R & D 


Scientists from the Polish Academy of Sciences in 
Wroclaw report that they have undertaken an examina- 
tion of the semiconducting properties of zinc and cadmium 
arsenides of the type A,Bo. The measurements of elec- 
trical conductivity, Hall constant and thermo-electric 
power have shown that a p-type conductivity exists in 
both these compounds, unaffected by small deviations 
from the stoichiometry. At more elevated temperatures an 
intrinsic range seems to be attained, although the signs 
of the Hall constant and the thermoelectric power main- 
tain their positive values. It is well known, that the II-V 
compounds show a marked tendency to be p-type semi- 
conductors. This may be caused by a partial loss of the 
more volatile anionic component during the synthesis. In 
their case, the Poles say, such an explanation seems to 
be inadequate and the assumption of an anomalous mo- 
bility ratio u,/u, larger than 1 will be proposed. The 
comparison of the properties of zinc arsenide with those 
of the cadmium compound reveals the marked decrease 
of the energy gap and the increase of mobility with the 
increase in atomic number of the metallic component. 


Yugoslav scientists believe they have found a better 
process for the preparation of high purity silicon. The 
alkali metal reduction of silicon halides is well known, for 
it has been used as the first preparation of elemental sili- 
con. Nevertheless, the procedures hitherto described, on 
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Lepel 


HIGH FREQUENCY 
INDUCTION 


HEATING 


The Lepel line of induction 
heating equipment represents the 
most advanced thought in the field of 
electronics as well as the most practical and 
efficient source of heat yet developed for numerous 
industrial applications. ah 
If you are interested in induction heating you are invited 
@o send samples of the work with specifications. Our 
engineers will process and return the completed job with full 
data and recommendations without any cost or obligations. 


FLOATING ZONE FIXTURE FOR METAL REFINING 
AND CRYSTAL GROWING 


A new floating zone fixture for the production of 
ultra-high purity metals and semi-conductor materials. 
Purification or crystal growing is achieved by travers- 
ing a narrow molten zone along the length of the 
process bar while it is being supported vertically in 
vacuum or inert gas. Designed primarily for pro duction 
purposes, Model HCP also provides great flexibility for 
laboratory studies. 


Features 


®@ A smooth, positive me- 
chanical drive system 
with continuously varia- 
ble up, down and rota- 
tional speeds, all inde- 
pendently controlled. 
® An arrangement to rap- 
idly center the process 
bar within a_ straight 
walled quartz tube sup- 
ported between gas- 
tight, water-cooled end 
plates. Placement of the 
quartz tube is rather 
simple and adapters can 
be used to accomodate 
larger diameter tubes 
for larger process bars. 
Continuous water cool- 
ing for the outside of 
the quartz tube during 
operation. 
@ Assembly and dis-as- 
semby of this system in- 
cluding removal of the 
completed process bar is 
simple and rapid. 


Model HCP 


Electronic Tube Generators from 1 kw to 100 kw. 
Spark Gap Converters from 2 kw to 30 kw. 


WRITE FOR THE NEW LEPEL CATALOG .. . 36_illustrated pages 
packed with valuable information. : 


All Lepel equipment is cer- 
tified to comply with the 
requirements of the Feder- 
al Communications Com- 
mission, 


=—S 
LEPEL HIGH FREQUENCY LABORATORIES, INC. 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y. 
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Received ee 
EXACTLY 


as eee 
shipped! 


58 "1 


ie * UNIQUE / 
STABILIZATION 


e » ALLOYS READILY a 
QUALITY 


_atthe Indium Cor- _ 
__ poration of America 
means purity of 
metals, and strict 
dherence to speci- 


Nou 


.. and shipped exactly as specified 
—that’s our pledge to you. For 
instance, Indium Corporation spheres 
and pellets are carefully placed in 
containers, then sealed into a trans- 
parent, plastic, tamper-proof wrapper. 
Inside each wrapper, is a printed 
tag reading “IF THIS PACKAGE HAS 
BEEN OPENED IN TRANSIT, WE DO 
NOT GUARANTEE THE PRODUCT.” 


We make sure that what you receive 
is exactly what you ordered — and 
you can be sure, too. 


Through years of research and 
experimentation, we have pioneered 
and developed the techniques of 
producing INDIUM in quantities for 
use by industry. Our experience and 
technical helps are at your service. 


WRITE TODAY to Dept. 5-119 
for new Indium bulletin: 
“INDALLOY” Intermediate Solders. 


THE 


INDIUM 


CORPORATION OF AMERICA | 
1676 Lincoln Avenue ® Utica, New York 
Since 1934 . Pioneers in the Deveiop- 


ment and ‘Applications of Indium for 
Industry. 
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the basis of such a reduction, are no longer satisfactory., 
A systematic investigation had been undertaken severali 
years ago to find out the most convenient method for 
small scale preparation of pure silicon by reduction of) 
silicon chloride and bromide vapour with sodium vapour: 
at a temperature as low as possible. It has been estab- 
lished, in the present state of investigation, that the best; 
results are obtained when the vapours of the reactants: 
meet at a defined rate in a molybdenum or tantalum tube.3 
Hydrogen or argon were applied as vapour carriers de- 
pending upon whether a molybdenum or tantalum tube. 
respectively, was used. In the hydrogen atmosphere the 
reaction proceeded less violently than in the case oF 
argon, which may be explained by the participation of: 
hydrogen in the reaction mechanism. Microcrystalline and 
amorphous silicon were obtained in a yield of about 90 per: 
cent of the quantity required theoretically. The purity of) 
the product was determined spectrographically and alseg 
by specific conductivity measurements. The results are 
satisfactory since the raw product obtained had the prop- 
erties required for high purity silicon, which is used for? 
semiconductor purposes. The work on a more exact deter-- 
mination of the reaction conditions as well as on improve- 
ment of the apparatus is now in progress. 


ASSOCIATION ACTIVITIES 


The Electronic Industries Association and the National. 
Electrical Manufacturers Association (NEMA), the two: 
major trade associations with interests in the semiconduc- ‘ 
tor industry, have jointly announced some integrated pro- - 
grams designed to provide broader coverage in the areas: 
of technical standards and marketing data for manufac- - 
turers and users of semiconductor devices. Along with the = 
joint programs comes a definition of product scope fort 
each trade group. NEMA’s semiconductor activities essen-- 
tially will encompass power and control rectifiers, exclud- 
ing those intended for use in home entertainment devices. . 
EIA’s scope covers diodes and transistors generally used! 
in signal and low-level applications as well as semicon- - 
ductor devices used in home instruments. Power tran-- 
sistors are divided between the two associations’ product ! 
scopes. 


You give food and friendship 
with every $1 package you send 
to the world’s hungry thru the 
CARE Food Crusade, New York 


(a 


NEW PRODUCTS 
(from page 53) 


Parametric Amplifiers 

Microwave Associates, Inc., announces 
availability of two new Parametric Am- 
plifier mixer, down-converter units for 
very low noise signal reception. Model 
MA2-1000 is used for the 950-1250 Mc 
frequency range and MA2-1000L is de- 
signed for use in radar receivers in the 
1250-1350 Mc range. Both models exhibit 
noise figures below 2 db with bandwidth 
of 4% percent. Image rejection is better 
than 50 db down, and dynamic range is 
30 db or better. They comprise a single 
stage of parametric preamplification 
using a suitable Varactor diode, a low 
noise mixer, down-converter stage with 
a IN21E or MA-421B (1N21F) diode, and 
a third stage for coupling of the injected 
local Oscillator RF input. 
Circle 91 on Reader Service Card 


Battery Charger 

Terado Company offers a 10 amp bat- 
tery charger equipped to charge 6 or 12 
‘volt batteries regardless of polarity. It 
will charge a 12 volt battery in five hours. 
‘This efficient, quick charge is made pos- 
‘sible by two miniature silicon rectifiers 
which provide a full wave charge. The 
‘Terado Super Charger is equipped with 
fan automatic overload circuit breaker 
and has a meter which indicates condi- 
tion of the battery, as well as amperage 
charge rate. 

Circle 101 on Reader Service Card 


Epoxy Pellets 

- 300% greater heat dissipation in ger- 
manium and silicon trans‘stors is now 
made possible by aluminum filled epoxy 
E-FORM pellets. Manufactured by Epoxy 
Products, Inc., they enable transistors to 
withstand shock and vibration up to 
100G’s. They cure at temperatures as low 
as 85°C. Production-line dermatitis ef- 
fects are eliminated. May be used in all- 
‘epoxy packages or in conjunction with a 
metal can and glass-to-metal seals. They 
are available in m?eny shapes and sizes. 
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SAVE MONEY 


Subscribe to SEMICONDUCTOR PRODUCTS 


Buy Group Subscriptions! 


When 5 or more individual one year subscriptions are purchased and pre- 
paid at one time a substantial savings results. On this basis each subscriber 


pays only $5.00 for a 12 issue subscription instead of $6.00. 


When 5 or more individuals each purchase 2 year subscriptions, each sub- 
scriber saves $2.00 by paying $8.00 per subscription instead of $10.00. 
(Present subscribers may extend their subscription and still use the scale 
shown above). Under the Group Subscription Plan each subscriber’s order 


must be filled out completely. Sign up a Group. 
Group Subscriptions Can Only Be Accepted from U.S. Subscribers 


(] 1 year subscription 
0 2 year subscription 


L) New subscription 
(J Subscription extension 


Sirs: Please enter Group subscriptions to Semiconductor Products for the following: 
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for maximum reliability 


PREVENT 
THERMAL 
RUNAWAY 


Prevent excessive heat from 
causing ‘‘thermal runaway” in 
power diodes by maintaining 
collector junction temperatures 
at, or below, levels recommended 
by manufacturers, through the 
use of new Birtcher Diode 
Radiators. Cooling by conduction, 
convection and radiation, 
Birtcher Diode Radiators are 
inexpensive and easy to install in 
new or existing equipment. 

To fit all popularly used 

power diodes. 


FOR CATALOG 


test data write: 


with NEW 
BIRTCHER 


DIODE 


RADIATORS 


BIRTCHER COOLING AND RETENTION DE- 
VICES ARE NOT SOLD THROUGH DISTRIBU- 
TORS. THEY ARE AVAILABLE ONLY FROM 
THE BIRTCHER CORPORATION AND THEIR 
SALES REPRESENTATIVES. 


and THE BIRTCHER CORPORATION 


industrial division 


4371 Valley Blvd. Los Angeles 32, California 


Sales engineering representatives in principal cities. 
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NORTH HILLS’ 


Model CS-125 
CONSTANT CURRENT 
for ZENER DIODE TESTING 


© High Voltage Current Source 
© Diode Life Test Unit 
© Diode Aging Unit 


re 
igh ere aatetiat Fan SHH 
y 


Contains three independent supplies. 
Hundreds of Zener Diodes may be con- 
nected in series for aging and life 
testing. Seven panels or 21 supplies 
per rack can test 7000, 6-volt diodes 
at one time. 


© Current Range is 1 ma to 10 ma 
© Regulation 0.1% 
© 0-2200 volts 


In use by leading companies for diode 
life testing and aging. 
Literature describing this and other 


constant current sources from 0.i ua to 
30 amp. may be obtained from 


NORTH HILLS 


ELECTRIC COMPANY, INC 
402 SAGAMORE AVE., MINEOLA, N.Y. Ploneer 7-0555 
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Super-Sub-Miniature 
ransiormers 


For transistor circuitry 


in servo-mechanisms, hearing’ 
aids, radios, telephones 


® High reliability guaranteed. 


w& Large quantities used, with transistors, 
by leading manufacturers. 


Some of the most Important prototypes 
in use today are: 


Type H WwW D 
M200) escent -237. 340 = .280 
F-2010) seit -263 .410 .325 

AAT-408 ...... 307.376 ~=—.325 
SM-400 ...... -400 .563 .485 
NA-2350 ...... .750 1 750 
GEN-2020 ...... Ae Whe ge 


& Immediate delivery from inventory cov- 
ering wide range of impedance ratios 
in sub-miniature and super-sub-minia- 


ture sizes. 
> Prototypes—Designed or wound and 
enclosed to specifications. . . - Deliy- 


ery within two weeks, 


For further information and catalog 
call or write today . . , 


Frank 


essler Co., Inc., 41-45 47th St. 
L.1.C. 4, N.Y. + Tel: STillwell 4.0263 
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(from page 41) 

below the “dropout” level. 
The controlled switch (CS) is similax 
to the silicon controlled rectifier (SCR) 
in both physical construction and 
theory of operation. The controlled 
switch however, has a much greater 
firing sensitivity. It is therefore useful 
in many low level input applications 
that are not within the capability of 
the controlled rectifiers. 

Much of the information presented in 
the following sections applies to bot 
the controlled switch and the silicoi 
controlled rectifier. ; 


Logic Input Circuits 


Three simple “AND” circuits are 
shown in Figs. 23.1, 23.2, 23.3. In eachi 
case, the circuits can be designed sey 
that the CS will turn on only wheno 
there are inputs at both A and B. Im 
Fig. 23.1 one of the inputs is the anode: 
source voltage while the other is the 
gate signal. In Fig. 23.2 the gate isi 
negative biased. The input signals are: 
positive and must be limited in ampli-.- 
tude so that with either input present, 
the gate remains negatively biased bat 
with both present, the gate to ground 
voltage exceeds the firing requirementi 
and the CS turns on. In Fig. 23.3, the 


Fig. 23.1—“AND” circuit. Input signals: 
are the anode source voltage and they 
gate signal. 


Fig. 23.2—“AND” circuit. Negatively bi-- 
ased gate. 


Fig. 23.3—“AND” circuit. Controlled | 
switch normally biased “off.” 


‘CS is normally biased off by a positive 
cathode voltage. In this case the inputs 
must be negative. When both inputs 
‘are present, the positive bias is over- 
‘come and the cathode goes negative by 
san amount exceeding the firing require- 
{ments of the CS. 
, Figures 23.2 and 23.3 can be used as 
“OR” circuits by increasing the ampli- 
stude of the input signals so that either 
one will turn on the CS. Fig. 23.4 shows 
another version of an “OR” circuit. In 
this case either a positive input at A 
‘or negative input at B will turn on the 
iCS. 
By combining the inputs shown in Fig. 
23.2 and Fig. 23.3 a single circuit with 
four inputs is achieved. A variety of 
“AND” plus “OR” combinations can 
‘then be established. Additional inputs 
can be added to such a combination as 
long as biasing is properly set. 
Figure 23.5 shows a sequential “AND” 
‘circuit which is useful for safety, pro- 
tective, fusing, and related applications. 
‘Before power can be applied to Rz, 
three pulse inputs must be applied in 
ithe correct sequence. 
/With all three of the CS’s off, the bias 
‘voltage at input B is 1/3 of the supply 
_voltage, and at input C it is 2/3 of the 
‘supply voltage. CS-2 will not turn on 
sunless the voltage applied at point B 
exceeds 1/3 of the supply voltage. 
Similarly, CS-3 will not turn on unless 
‘the voltage at C exceeds 2/3 of the 
supply voltage. CS-1 on the other hand 
will turn on with an input at A equal 
to the normal CS firing requirements. 
Thus if the input pulse amplitudes are 
limited to less than 1/3 of the supply 
voltage, CS-2 cannot turn on until CS- 
1 has first been turned on. Also CS-3 
-eannot turn on until both CS-1 and 


CS-2 have been turned on. 
Circle 200 on Reader Service Card 


Fig. 234—“OR” circuit. A positive in- 
put at “A” or a negative input at “B” 
turns on the controlled switch. 


Fig. 23.5—Sequential “AND” circuit. 


METALS and ALLOYS 


For Use in the 


SEMI-CONDUCTOR FIELD 


New methods have been developed in the Sigmund Cohn labora- 
tories for the refining and processing of precious metals. These 
include alloys of Gold, Platinum and other metals in the form of 
wire, sheet and stamped products required by the Semi-Conductor 
industry. Other special products are electroplated wire and strip 


as well as Rhodium and Gold plating solutions. 


Write for this brochure today: no obligation 


SINCE 1901 


a 


SIGMUND COHN CORP. 
121 South Columbus Avenue ° Mount Vernon, N. Y. 
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ernmMac 
SPECIALTY SEALS 


precision-made to 
your specifications 


High-temperature 
Specialty seals 

vacuum-tight, shock- 
and vibration-proof 


A competent, dependable source 
for custom seals is CerMac 
(Ceramic-Metal Assemblies Cor- 
poration). Here experienced and 
skilled personnel employ modern 
precision manufacturing facili- 
ties to produce hermetic seals 
and other metallized ceramic 
assemblies of highest quality 
with prompt deliveries. Send 
drawings for quotations. 
Representatives in principal cities 


CERAMIC-METAL 
ASSEMBLIES CORP. 


P. O. Box A- 328 Latrobe, Pennsylvania 


Phone: Latrobe, Keystone 9-1757 
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PERSONNEL 
NOTES 


Appointment of Wallace A. Pond as 
Coordinator, Field Engineering, Radio 
Corporation of America Semiconductor 
and Materials Division, was announced 
recently. Mr. Pond received his B. S. 
degree in Electrical Engineering from the 
University of Illinois. He joined the RCA 
Electron Tube Division at Harrison, N. J., 
in 1946 as a Field Engineer and became a 
Sales Engineer in 1957. Since July, 1958, 
he has been a Field Engineer with the 
RCA Semiconductor and Materials Divi- 
sion. 


Dr. J. Robert Spraul has been ap- 
pointed acting manager of the research 
and development department of Rheem 
Manufacturing Company. Dr. Spraul will 
make his headquarters at the company’s 
South Gate, California, plant. Dr. Spraul 
holds a Ph.D. degree in physical chemis- 
try from the University of Indiana and 
has had a long career in research, includ- 
ing many years as supervisor of the 
physical chemistry group of Armour Re- 
search Foundation, Chicago, and as man- 
ager of the research and testing labora- 
tory of General American Transportation 
Corporation, East Chicago, Indiana. 


Four major appointments in top man- 
agement were announced by Baird- 
Atomic, Inc. F. L. Foster, who has been 
vice president, marketing, becomes vice 
president, planning, a new post. Three 
major new divisions have been estab- 
lished within the company. The Spectro- 
chemical Instrument Division is under 
direction of Dr. Jason L. Saunderson. 
Jack R. Carlin, formerly president of 
Atomic Associates, Inc., becomes manager 
of the company’s Atomic Instrument Di- 
vision. The company’s Electronic and 
Special Products Division is directed by 
E. J. Cronin, manager. This group is con- 
cerned principally with the Baird-Atomic 
line of transistor test equipment and 
flame photometers. 


The appointments of Mr. A. Olaf Wolff 
as Director of Research and Development, 
and of Mr. Harold T. Fargey as Manager 
of the Metal Sales Division, are an- 
nounced by The Consolidated Mining and 
Smelting Company of Canada Limited. 
Mr. Wolff was formerly Manager of the 
Metal Sales Division and, in his new posi- 
tion, will co-ordinate the firm’s technical 
research and development, market re- 
search and commercial development. Mr. 
Fargey, who succeeds Mr. Wolff, has been 
employed by the company since 1942. 


Dr. Paul S. K. Chen has been appointed 
a senior engineer by the Semiconductor 
Division of Hoffman Electronics Corpo- 
ration. Dr. Chen, assigned to the divi- 
sion’s fabrication unit, will be responsible 
for the development of new diffusion 
techniques. He will be located at the divi- 
sion’s new West Coast facility in El 
Monte, Calif. Dr. Chen holds a Master’s 
degree in chemistry from the University 
of Oregon. He received his Ph:D> “in 
physical chemistry from the University of 


Chicago. 
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experienced in 
SEMICONDUCTOR R&D 
for staff level assignments 


titel 


iactnaasisecernatiD 


GROUP HEAD 


Applications engineer with 
experience in semiconductors, 
diodes, rectifiers, circuit 
applications and sales 
engineering to head a group 
of nine senior technical people. . 
Master's degree preferred. 


SECTION HEAD 


Application engineer with 
experience in semiconductor 
transistor circuit application. 
Position requires knowledge 
of applications, sales 
engineering and a familiarity 
with various electronic 
manufacturing industries 
which manufacture or use 
semiconductors. Responsibili- 
ties will include the direction 
of fifteen technical people, 
Master's degree preferred. 


These positions were created 
as a result of the sustained 
growth of advanced research 
and development activity 

at the Semiconductor 
Division of Hughes Products 
(Hughes Aircraft Co.). The 
recently completed ultramodern ‘ 
facilities of the Semiconductor 
Division are located in 
Newport Beach, California— 
just south of Los Angeles. 
Here you will find choice 
suburban living in the heart 
of the Western electronic 
industry. 


If you meet the requirements 
for the above positions, or if 
you are a senior engineer or 
physicist with experience in 

the field of semiconductors, 

we invite your inquiry. 


Please contact: 


Mr. C. L. M. Blocher 
Scientific Staff Representative 
HUGHES SEMICONDUCTOR DIVISION 
500 Superior Avenue 

Newport Beach 12, California 


SEMICONDUCTOR DIVISION 
HUGHES AIRCRAFT COMPANY 


= Fairchild Semiconductor Corporation 

of Mountain View, California, announced 
|} the appointment of four engineers to 
supervisory positions in the Engineering 
| Department. Robert Norman will head 
) the Device Evaluation section. He is a 
| graduate of Oklahoma State University 
with a BSEE. William Hafner, head of 
* Electronic Instrumentation is a graduate 
of MIT with a BS. Brent Knudson, super- 
' visor of the Product Specification Group, 
» graduated from North Dakota State with 
* a BSEE. Baden Parker, supervisor of the 
Design group in Electronic Instrumenta- 
tion, graduated with a BSEE from the 
) University of British Columbia. 


Gerard J. Chesnes has been appointed 
)} manager of process control engineering at 
Silicon Transistor Corp. Mr. Chesnes, 
‘formerly a design engineer at RCA’s 
‘semiconductor division, aided in the de- 
velopment of its high power silicon tran- 
)sistors. Prior to that he was in RCA’s 
1) Princeton labs where he developed tran- 
sistorized equipment. 


The appointment of Leon C. Koenig as 
» vice president of manufacturing was an- 
‘nounced by Lindberg Engineering Com- 
/ pany, 2450 W. Hubbard Street, Chicago 12, 
Illinois. Mr. Koenig, a company founder, 
»has been assistant secretary and plant 
»manager. Lindberg manufactures indus- 
* trial heat treating and process line equip- 
ment and began operation in 1935. 


Dr. Harper Q. North, president, Pacific 
Semiconductors, Inc. announced the ap- 
pointment of Frank E. O’Brien to the 
/ newly created post of Director of Public 
Relations. Mr. O’Brien, whe will also 
i continue as PSI Advertising Manager, 
was formerly manager of the Portland, 
- Ore. office of McCann-Erickson, Inc., and 
i prior to joining Pacific Semiconductors, 
, Inc. two years ago was vice president and 
»manager of the Los Angeles office of 
Buchanan & Company, Inc., advertising. 


! Texas Instruments Incorporated has 

opened a regional personnel office in 
Elizabeth, New Jersey, to serve an eight- 
i state area in an accelerated employment 
program. This office will assist all divi- 
‘sions of the company in selection of per- 
sonnel from the states of New York, 
' Massachusetts, Connecticut, Rhode Island, 
New Jersey, Delaware, Maryland, Penn- 
sylvania and the District of Columbia. 
The new office is in the City Federal 
Savings and Loan Building, 1141 East 
Jersey Street. 


Following a meeting of the Board of 
Directors, Mallinckrodt Chemical Works 
announced the appointment of an Execu- 
tive Committee of the Board. Dr. John R. 
Ruhoff was appointed Chairman of this 
Committee. Other members named to the 
Executive Committee are Edward Mal- 
linckrodt, Jr., Joseph Fistere, John E. 
Gaston, August H. Homeyer and Harold 
E. Thayer. Mr. Harold E. Thayer was ap- 
pointed Executive Vice-President of the 
Company, also a newly created post. 


__ Peter E. Price has joined the Electronic 
Chemicals Division of Merck & Co., Inc. at 
its Cherokee Plant, Danville, Pa. He will 
serve as Control Associate. The Cherokee 
Plant is engaged in the manufacture 
of ultrapure silicon for the electronics 
industry. Dr. Price will be concerned 
with applications research involving 
investigation of the crystalline  struc- 
ture of polycrystalline and monocrystal- 
line silicon. Dr. Price is a graduate of 
Massachusetts Institute of Technology. 
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CREATES A 


GOLDEN 
OPPORTUNITY 


FOR SCIENTISTS 
ENGINEERS 


Inquiries are invited for key openings at RCA’s new, ultra-modern 
Semiconductor and Materials headquarters in suburban Somerville, 
New Jersey (just 35 miles from New York City), from individuals 


with degrees in... 


PHYSICS « 


RCA-Somerville 1s headquarters for major research and 


ELECTRICAL ENGINEERING « 
INORGANIC CHEMISTRY ~* 


METALLURGY 


development work on: 


SEMICONDUCTORS 


Silicon Rectifiers * High Power Transistors « Diodes 


MATERIALS 


Intermetallics * Semiconducting * Oxide Films 


MICROMODULES 
Subminiature Circuit Design * Component Development 


PHONE OR WRITE: MR. J. B. DALY, RAndolph 2-3200 


® 
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Dept. SE-60 


Locations also in Lancaster, Pa., Findlay, Ohio & 
Needham Heights, Mass. 


PHYSICAL CHEMISTRY 


RADIO CORPORATION OF AMERICA 


SEMICONDUCTOR AND MATERIALS DIVISION, SOMERVILLE, NEW JERSEY 
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Statistical 
Quality Control 
assures specified size, 
color, density, uniformity 


Shown above are representative 
glass sealing preforms, pro- 
duced by Glass Beads Corpora- 
tion. Beads of required geome- 
try and controlled density are 
made in a wide variety of sizes, 
colors and styles for both match- 
ing-coefficient and compression- 
type seals. Specially designed, 
modern facilities and_ gkilled 
personnel assure prompt serv- 
ice, highest quality and depend- 
able uniformity. Send drawings 
for quotation. 


GLASS BEADS 
CORPORATION 


P. O. Box A- 266 Latrobe, Pennsylvania 
Phone: Latrobe, Keystone 9-1592 
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larence L. Norsworthy, Jr., of Dallas, 
He and Morton P. MacLeod of Palo 
Alto, California, were elected to the 
Board of Directors of Knapic Electro- 
Physics, Inc., at a recent board meeting 
at Palo Alto. Norsworthy is a native of 
Dallas, Texas, where he is currently op- 
erating companies engaged in petroleum, 
mining, and electronics. MacLeod is a 
lawyer and partner in the law firm Mac- 
Leod & Gunn. Also included was the 
election of Robert D. Yeaman as Vice 
President of Manufacturing and Engi- 
neering and George M. MacLeod as Vice 
President of Sales. 


Five key organizational appointments 
were announced by Raytheon Company’s 
Semiconductor Division. Leo F. Leary is 
the new manager of manufacturing. Plant 
managers for the Newton-Brighton plant 
and the Lewiston plant will report to Mr. 
Leary. Henry F. Schunk, former manager 
of the Newton-Brighton plant, will move 
to Lewiston, Maine to set up the new 
140,000 square foot plant there for 2,000 
workers. Ray T. Mijanovich will take 
over as manager of the Massachusetts 
production facilities. Dr. Walter F. Lever- 
ton has been named engineering manager 
of the Semiconductor Division. Raymond 
J. Barber is the new controller. 


Appointment of Melvin Barmat, thermo- 
electric physicist-engineer, as Manager of 
the newly-created Thermoelectric Divi- 
sion of General Instrument Corporation 
has been announced. He will head up a 
scientific group developing thermoelectric 
devices, using both nuclear and conven- 
tional fuels, which produce electricity by 
application of heat to semiconductors. A 
graduate of Hofstra College, Hempstead, 
N.Y., Mr. Barmat also attended Cooper 
Union School of Engineering and the 
Polytechnic Institute of Brooklyn. 


The appointment of Donald E. Smith to 
the newly-created position of product 
sales manager—diodes and rectifiers, for 
the Semiconductor Division of Sylvania, 
has been announced. Mr. Smith, who has 
been a semiconductor sales engineer since 
1957, will continue to have his offices at 
division headquarters in N.Y.C. He is 
responsible for developing and adminis- 
tering market research, product planning, 
sales, advertising and merchandising ac- 
tivities, for the division’s full line of 
diodes and rectifiers. A native of Sioux 
Falls, S. D., Mr. Smith is a graduate of 
Purdue University with a Bachelor of 
Science degree in electrical engineering. 
He is a member of the Tau Beta Pi and 
Eta Kappa Nu fraternities. 


Frederick R. Lack, noted electronics 
engineer and executive, has been elected 
a director of the Sprague Electric Com- 
pany, it was announced by Robert C. 
Sprague, chairman of the board and 
treasurer, following a special meeting of 
the board of directors. The addition of 
Mr. Lack increases the membership of 
the Sprague board to eleven directors. 
Mr. Lack is a former director and vice- 
president of the Western Electric Com- 
pany, retiring in August, 1958. 


Frank P. DeLuca, Jr. has been ap- 
pointed executive vice president of 
Acoustica Associates, Inc. of Plainview, 
Long Island, N. Y. and Los Angeles, 
California, manufacturers of ultrasonic 
equipment for missiles, aircraft and in- 
dustry. Mr. DeLuca, who is a director of 
the corporation, was formerly vice presi- 
dent and general manager of Acoustica’s 
Western Division. 
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ATTENTION: 


ENIOR ,.. 


sSEMICONDUCTORg: 


ENGINEERS... # 


$15,000 TO $20,000 ) 
PLUS 


STOCK OPTION 


Appreciation is fine, but the best 
way to show it is with 


MONEY 


. sO says our client! 
A. dynamic metropolitan New 
York semiconductor manufac- 
turer. 


TOP SALARIES 
QUALIFIED MEN 


in the following areas: 


| 
} 
| 
i 


Device Development 
Engineers 


Applications Engineers 
Design Engineers 
Process Engineers 


CLIENT ASSUMES FEES 


Call Collect, Allen Wall at Boston 
HUbbard 2-5930 or send resume in 
Strictest confidence to: 


Professional Placement Director 


SNELLING & SNELLING 
Dept. T-1 
577 Washington St. 
Boston, Mass. 
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_ New 
Literature 


An inhibitor that displaces and seals 
out water and moisture, protects metal 
surfaces against corrosion, and lubricates 
is the subject of a new six-page illus- 
trated folder just released by Corrosion 
Reaction Consultants. Called CRC 2-26, 
this liquid formula has been especially 
developed for manufacturing and main- 
tenance use in the electrical and elec- 
tronic equipment fields. The folder in- 
'cludes an explanation of how CRC 2-26 
j works, its benefits, advantages and appli- 
cations, factual case histories and details 
fon its physical specifications. 
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A catalog on graphite usage in semi- 
eonductor production is being produced 
by the United Carbon Products Com- 
pany. Prepared with stiff covers and new 
“Latch Lock” ring binder, this new cata- 
log No. SC-659, permits the addition of 
technical data sheets whenever new de- 
velopments occur. It is nicely illustrated 
and covers sections on semiconductor 
graphites, specialized graphite machining 
problems, methods of graphite quality 
control, means of planning, scheduling 
and expediting orders, typical physical 
-properties of various grades of graphite, 
stock sizes and prices. 
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) Copper-cored #446 alloy glass sealing 
wires are described in the second and 
third of a series of bulletins on cored 
¥ and clad wires published by Texas In- 
struments Incorporated, Metals & Con- 
trols division. The 2-page bulletins, IND- 
22 and IND-23, describe the two more 
important compositions, 2:1 and 3:1 ra- 
tios of overall wire diameter to the diam- 
eter of the copper core, respectively. 
| (The first data sheet of this series dealt 
/ with copper-cored #52 alloy glass seal- 
Hing wire in a 2.6:1 ratio.) 
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Transitron Electronic Corp., offers a 


plete with package photos, listing de- 
* scriptions, important data and useful ap- 
* plications of five new silicon transistor 
developments. Included for additional 
i reference is an itemized inventory with 
operating characteristics of a broad and 
‘complete line of silicon transistors avail- 
‘able from stock. 
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RCA Semiconductor Products Hand- 
6 book HB-10, devoted exclusively to data 
4 on RCA semiconductor devices including 
* transistors and silicon rectifiers is now 
¥ available. Available either in conjunc- 
} tion with HB-3 Tube Handbook, or sep- 
S arately, at RCA’s_ subscription price. 
1 This Handbook has been compiled to 
¥ meet the requirements of electronic 
equipment design engineers primarily, 
} but will prove useful to all who have 
‘meed for up-to-date technical informa- 
} tion on RCA semiconductor devices. 
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CAREER 
OPPORTUNITIES 
AT Tl 


CIRCUIT DEVELOPMENT ENGINEER 


your future: a challenging opportunity with an industry leader 


At Texas Instruments, your future is filled with specific, 
stimulating growth assignments in evaluating and charac- 
terizing transistors and special semiconductor devices. You'll 


participate in such transistorization projects as: 


AM, FM, and TV receivers 

audio and video, i-f and r-f amplifiers 
hi-fi and electronic organs 

nonlinear and switching circuits 
computer system logic 

servo and power amplifiers 


With TI... receive liberal company-paid benefits, including 
profit sharing (last year 15% of base salary) ...enjoy pre- 
mium living in a moderate climate with excellent neighbor- 
hoods, schools and shopping facilities... work in a plant 
selected as one of the 10 outstanding U. S. industrial buildings 
of 1958. 


Interviews will be held in your area soon. If you have an 
Electrical Engineering degree and/or knowledge of transistor 


circuitry, please send a resume to: 


— ee 


I 
immediate | C. A. Besio, Dept. 200-SC 
Eastern 
| appointment, 
| contact 


| wolw | TEXAS 15) INSTRUMENTS 


Dept. 200-E-SC 


| 1141 €, Jersey St. | INCORPORATED 
Elizabeth, N. J. SEMICONDUCTOR —- COMPONENTS DIVISION 
——— ‘ —_—_— POST OFFICE BOX 312 ¢ DALLAS. TEXAS 
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blueprint 
or samples 
for 
estimate 


WIRE 
FORMS 


and 


METAL 
STAMPINGS 


We'll prove that our high 
speed production means 
lower unit costs for you! 


Youll save two ways — (1) the ini- 
tial low unit cost made possible by 
high speed machines; (2) precision 
and quality control guarantees accu- 
rate parts and performance. 


STRAIGHTENING AND CUTTING 
Periect straight lengths to 12 feet. 
-0015 to .125 diameter. 


WIRE FORMS 
.0015 to .125 diameter. 


SMALL METAL STAMPINGS 
-0025 to .035 thickness. 
.062 to 3 inches wide. 


Specializing in production of parts 
for electronic, cathode ray tubes and 
transistors. 

Write for illustrated folder. 
ART WIRE AND STAMPING 
COMPANY 


29 Boyden Place, Newark, N.J. 
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A new. technical guide to automatic 

ldering with solder preforms is now 
veiiaiie from Alpha Metals, Inc. Titled, 
“Guide to Automatic Soldering,” it offers 
desta on solder preforms, their selection 
a use, converting to automatic solder- 
ing. and new, fiux-filled washers for 
automatic soldering. Included is an offer 
of technical information on solder alloy 
and fux selection. Information on allied 
nina ms is offered in two other Alpha 
pulletiz “Tips on Soldering,” and “Flux- 
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The availability of the engineering bul- 
letin covering its new power transistors 
has been announced by Silicon Transis- 
tor Corp. The new STC types, 2N1069 and 
2N1070, are NPN high power silicon tran- 
sistors featuring extreme low saturation 
resistance. Form +1953 includes ratings 
and electrical characteristics charts, curves 
and other pertinent data. 
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A 30-page catalog on neon and incan- 
descent indicators, both conventional 
and transistorized; push button switches; 
combination indicators-switches; decimal 
readout devices and other display panel 
components is offered by Transistor Elec- 
tronics Corp. Also includes a Transistor- 
Diode Tester. 

Circle 133 on Reader Service Card 


A one-page brochure discusses addi- 
tions to the Southwestern Industrial 
Electronics line. It includes photographs 
of and specifications for the model R-3 
transistorized voltmeter, model N-1 tran- 
sistorized signal generator, model T-1 
vibration meter, model R-2 vacuum-tube 
voltmeter, ARP audio response plotter, 
model D-3C DC amplifier, and model K-1 
microsource. Full data is included. 
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A new two-color four page brochure 
has been produced by Schweber Elec- 
tronics to aid buyers and engineers in 
the selection of the correct Amphenol 
AN/MS Connector (Mil-C-5015C and Mil- 
C-3015D). This handy reference shows 
available AN/MS insert contact arrange- 
ments and contains a quick reference for 
insert specifications. 
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J. T. Baker Chemical Co., has just pub- 
lished a completely new and much more 
informative Technical Information Bro- 
chure on Baker PL-1l, an acrylic- -type 
payee developed in their Research 

Laboratories. 
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A comprehensive, 130 page manual cov- 
ering basic theory, design characteristics 
and applications for zener (voltage lim- 
iting) diodes has just been announced 
by Motorola for a nominal charge. It is 
intended to serve as a guide in the use 
of this component. Chapter headings in- 
clude: Characteristics of Silicon Zener 
Diodes, Design Considerations, Regulated 
Power Supplies, Surge Protection, A.C. 
and D.C. Amplifiers, Temperature Com- 
pensation and Impedance Cancellation, 
New Approaches in Zener Diode Appli- 
cations, and Specifications and Testing 
Methods. 
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ELINEX 


Confidential 
Initial Contacts 
and 

Preliminary Negotiations 

for 
Acquisitions 
Mergers 
Issues 


Financing 


Confidential Listings 


ELINEX 


Electronics Industries Exchange 
Suite 1001 15 Maiden Lane 
New York 38, N. Y. WO 4-1530 


WANT i 
HIGH-SPEED 


MEASUREMENTS 
TO 
20 MILLIONTHS... 


ARSON-DIC 


ELECTRONIC 
MICROMETERS 


lf you need to measure fragile 
or compressible parts to 
within .000020”, then 
CARSON-DICE Electronic 
Micrometers are for YOU! 


J. W. DICE Co. 


ENGLEWOOD, WN. J. 
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BACK ISSUES 
AVAILABLE 


75¢ each 
1958—Jan/Feb; March/April; 
May/June; Nov/Dec. 
1959—March; June; July; 
Sept. 


SEMICONDUCTOR PRODUCTS 


Back Issue Dept. 
300 W. 43 St. New York, N. Y. 


WANTED TO BUY NEW SURPLUS 


TRANSISTORS, DIODES 
RECTIFIERS, ETC. 


We specialize in disposing of surplus semi- 
conductor devices, and can offer the highest 
cash return for your idle inventory. 

Electronic Laboratory Supply Co., 
7208 Germantown Ave., Phila. 19, Pa. 
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' A new technical publication, SPAN, 
has been introduced by the Semiconduc- 
tor Division of Hoffman Electronics Cor- 
poration. SPAN (Semiconductor Product 
Application News) is a bi-monthly pub- 
lication and contains technical data and 
application information on silicon semi- 
conductor devices. Available to persons 
sngaged in administrative, purchasing or 
engineering activity relating to semi- 
zonductor devices. 
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A new booklet, “Entertainment Tran- 
sisters for Every Design Approach,” has 
seen made available by Sylvania. The 
32-page booklet contains maximum rat- 
ings and electrical characteristics for a 
lwide variety of PNP, NPN and “drift” 
wransistors designed for use in hi-fi, toys, 
organs, intercoms, portable, shortwave 
land auto radios. The booklet also includes 
liagrams illustrating the mechanical spe- 
fifications and connections of all types 
'n Sylvania’s transistor line. 
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» Bendix Semiconductor Division makes 
available their newly revised (9-1-59) 
‘Replacement Chart For Transistors. Lists 
300 Type numbers and Bendix replace- 
“nents. 
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1 “How to Use HumiSeal Protective Sur- 
face Coatings in Electronic Applications” 
is the subject of a 20-page booklet re- 
geased by Columbia Technical Corpora- 
tion. This booklet covers such highly 
Onformative phases of applying humidity- 
roof protective surface coatings as con- 
ventional dipping procedures and what 
o do for dipping, draining and air-dry- 
ng and curing. It also covers such sub- 
Nects as vacuum impregnation, spray 
toating and masking, silk screen coating, 
Holler coating, etc. 
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} A new characteristics and replacement 
uide for semiconductor diodes has been 
Made available by Sylvania. The 12-page 
Hooklet contains complete data on the 
Watings and electrical characters of all 
Sylvania types as well as a replacement 
Muide to virtually all Electronic Indus- 
‘ries Association registered diodes. The 
Hooklet features a section on Sylvania’s 
yatest diode manufacturing equipment 
Mncluding the company’s recently an- 
yhounced digital automatic tester and 
‘lassifier which verifies up to 16 separate 
»arameters. 
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miniaturization in 


an [eggshell] by 


DISTRIBUTED BY 


AVNET 


EASTERN SALES 


70 STATE STREET 

WESTBURY, L.I., N.Y. 

ED 3-5800 twx WESTBURY N.Y. 2617 
® 

DAYTON 39, OHIO 

4180 KETTERING BLVD. 

AXMINSTER 8-1458 twx —DY 410 
e 

MELROSE PARK, ILL. 

2728 NO. MANNHEIM RD. 

GLADSTONE 5-8160 

twx — FRANKLIN PARK 2187 


e 
WESTERN SALES 
SUNNYVALE, CAL. 
1262 NO. LAWRENCE STATION RD. 
P.O. BOX 568 REGENT 6-0300 


LOW POWER ZENER DIODES 
VOLTAGE REGULATING DIODES 


TANTALUM CAPACITORS 


MEDIUM POWER ZENER DIODES 
DOUBLE ANODE ZENER DIODES 
HIGH POWER ZENER DIODES 
LOW POWER RECTIFIERS 

HIGH VOLTAGE RECTIFIERS 
MEDIUM POWER RECTIFIERS 
HIGH POWER RECTIFIERS 
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(et 


“REGATRON POWER SUPPLY 
DOES THE WORK OF 3 


ORDINARY POWER SUPPLIES 


a case history 


(Model 212AM: 
0-100 V de, 0-100 ma, 
$129.00 unmetered) 


A MANUFACTURER required three different regulated voltages. 
The voltages, which were to be used alternately, could be furnished by three 
separate power supplies or by a single power supply and a voltage divider. 
But, three power supplies were expensive. On the other hand, a voltage 
divider meant a loss of power and regulation plus the expense of high- 
wattage components. 


Tre SOLUTION: Three 1-watt resistors and a *Regatron Program- 
mable Power Supply. An exclusive programming feature permits changing 
output voltage by shunting two terminals with a resistor. For each 1000 
ohms, the Regatron delivers one volt .. . at rated current and regulation. 


In THE PROBLEM quoted here, the required voltages were 14.5, 
28, and 45 V dc. The three resistors were 14.5K, 28K, and 45K. Regatron 
Programmable Power Supplies are available in many ranges up to 600 V dc 
and 3 amperes. Bulletin 765A tells more about how Programmable Regatrons 
solve d-c problems. Write for your copy. 


TRANSISTOR TYPES 


OUTPUT REGULATION 
NO tealy 
tose VAC 
50—60 CPS FULL TOAD 
PTS] ERE ETN TE Ce 
2-212A' EQUIVALENT TO TWO MODEL cA s. OUTPUTS MAY BE USED IN SERIES, 


PARALLEL, OR INDEPENDENTLY 


ere are len [ere 
[21a [omeov oe | o=s00na | on 
[aca forsovoc | omntane [on 
Er CE ACEC 
Por 
Ea 


218A 0—100 V DC 0—3 AMP 


1. Modulation input provided for measurement of transistor parameters by small signal method. 


* Registered U.S. Patent Office. U.S. Patents Issued and Pending. 


ELECTRONIC 
MEASUREMENTS 


CROUMaP AT Nn Yar ISNUCSOSR  PeO@R AN GEED 
EATONTOWN + NEW JERSEY 
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Crystals are gas or vacuum grown by 
a modified Czochralski technique. 


"Let KNAPIC 
grow your 


SILICON 
CRYSTALS 


SILICON AND GERMANIUM MONOCRYSTALS 


Hor Semiconductor Major manufacturers of semiconductor devices have found that Knapic 
Electro-Physics, Inc. can provide production quantities of highest quality sili- 
Solar Cell and con and germanium monocrystals far quicker, more economically, and to 


much tighter specifications than they can produce themselves. Knapic Electro- 
Physics has specialized in the custom growing of silicon and germanium 
i monocrystals. We have extensive experience in the growing of new materials 
: to specification. Why not let us grow your crystals too? 

Knapic monocrystalline silicon and germanium is available in evaluation 
and production quantities in all five of the following general grade categories 
—Zener, solar cell, transistor, diode and rectifier, and high voltage rectifier. 


Infrared Devices 


SPECIFICATIONS -Check These Advantages 


[] Extremely low dislocation densities. 


Tight horizontal and vertical resistivity tolerances. Resistivities available in controlled ranges 
.005 to 1000 ohm cm., N and P type. 


Diameters from .10” to 2”. Wt. to 250 grams per crystal. Individual crystal lengths to 10”. 


Doping subject to customer specification, usually boron for P type, phosphorus for N type. 


Lifetimes: 1 to 15 ohm cm.— over 50 microseconds; 15 to 100 ohm cm.— over 100 microseconds; 
100 to 1000 ohm cm.— over 300 microseconds. Special Knapic small diameter material over 
1000 microseconds. 


[ ] Low Oxygen content 1 x 10'” per cc., 1 x 10'® for special Knapic small diameter material. 


Specification Sheets Available 


Infrared Domes and Lenses 


I 
| | 
LARGE DIAMETER Individual silicon ingots for lens use and hollow cut | 
ga nine domes to 8” diameter are now available in production | 
Dislocation density, Knapic silicon mono- | SILICON LENSES and evaluation quantities. Diameters up to 19” will | 
| ' 


lcrystals. Crystal diameter 1/10" to 3/8"— AND CUT DOMES be available in the near future. Transmission charac- 
None; 3/8" to 3/4"—less than 10 per sq. FOR INFRARED USE, teristics—minimum 52%, coated 97% in ranges be- 
m.; 3/4" to 1-1/4"—less than 100 per sq. tween 1 to 15 microns. 

., 1-1/2" to 2" less than 1000 per sq. cm. 
| 


Quotations will be prepared on request for production orders, 
for semiconductor materials not falling within the listed cate- 
gories, or for those requiring additional experimental -work. 


_Knapic Electro-Physics, Inc. 


936-938 Industrial Avenue, Palo Alto, California Phone: DAvenport 1-5544 
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TYPE 150D—Solid-Eleetrolyte Elec- Pr ompt delivery 


trolytics for transistor circuitry. 


(Bulletin No. 3520B) | on all SPRAGUE 


Ee 


TYPE 110D—Foil Type Electrolytics 
for —55 C to +85 C operation. 
(Bulletin No. 3601) 


complete ratings 


TYPE 120D—Foil Type Electrolytics 
for —55 C to +125 C operation. 
(Bulletin No. 3602) 


Complete ratings in these and many more tantalum capacitors 
comprising Sprague’s famous TANTALEX® line are all 
available on /arge-quantity, short-delivery schedules. 


‘TANTALEX Capacitors are backed by thousands of test 
hours. They’re characterized by extremely low leakage current 
and unusually high capacitance stability even at low tempera- 
tures. Sprague’s many types cover a temperature range of from 


-55 Cto +125 C; voltage ratings from 4 volt up to 150 volts. 


SPRAGUE COMPONENTS: 

CAPACITORS e RESISTORS e MAGNETIC COMPONENTS e TRANSISTORS e INTE 

HIGH TEMPERATURE MAGNET WIRE e CERAMIC-BASE PRINTED NETWORKS 
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TYPE 109D—sintered-Anode Elec. 
trolytics for —55 Cto +125 C operation. 
(Bulletin No. 3700) 


TYPE 160D—solid-Electrolyte Elec- 
trolytics for hearing aid applications. 
(Bulletin No. 3515) 


SPRAGUE 
200 D 


TYPE 200D—Porous Anode Electre- 
lytics for high capacitance at. low 
voltage. (Bulletin No. 3705) 


WRITE FOR ENGINEERING BU. 

LETINS on the Sprague TANT ALE 
Capacitors in which you’re interestecs 
Address your letter to Sprague Electri 
Co., Technical Literature Sectiom 
467 Marshall St., North Adams, Mas 


RFERENCE FILTERS e PULSE NETWORKII 
* PACKAGED COMPONENT ASSEMBLIE} 


